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I INTRODUCTION 


This  is  the  final  report  of  the  Stanford  Research  Institute  (SRI) 
study  of  Department  of  Defense  (DoD)  materials  consumption.  One  objective 
of  the  study  was  to  describe  the  direct  and  indirect  consumption  of 
selected  materials  by  DoD  so  as  to  illuminate  the  key  dependencies  of 
DoD  on  industrial  sectors  of  the  economy  for  the  provision  of  final 
demand  products.  This  dependency  would  become  critical  in  the  event  of 
material  shortages.  Thus,  a second  objective  of  the  study  was  to  analyze 
the  economic  impacts  of  potential  material  shortages  on  the  capability  of 
U.S.  industry  to  meet  DoD  final  demand  requirements. 

This  report  is  presented  in  order  of  the  above  objectives.  Section  II 
is  a brief  summary  of  the  findings  and  accomplishments  of  the  study. 

Section  III  describes  the  U.S.  and  DoD  materials  flow.  Section  IV  pre- 
sents the  results  of  the  analysis  of  the  impact  of  materials  shortages. 
Detailed  inputs  and  results  are  included  in  the  appendix. 


1 1 SUMMARY 


The  purpose  of  this  research  was  twofold:  (1)  to  develop  estimates 

of  the  amount  of  each  of  17  critical  materials  consumed  by  U.S.  industry 
to  supply  DoD  final  demand  and  to  describe  their  direct  and  indirect 
flow  through  industry  and  (2)  to  analyze  potential  economic  impacts  of  a 
shortage  of  one  or  more  of  these  materials. 

A.  DoD  Materials  Consumption 

The  methodology  used  to  estimate  DoD  materials  consumption  was  based 
on  the  use  of  national  tables  of  interindustry  purchases  and  sales  pro- 
vided by  the  Bureau  of  Economic  Analysis,  U.S.  Department  of  Commerce, 
and  information  on  the  consumption  of  each  maLerial  by  each  US.  industry. 
The  flow  of  material  through  an  industry  can  be  best  understood  by  refer- 
ing  to  Figure  II-l,  which  represents  the  material  consumption  requirements 
of  an  industry  and  its  final  demand.  As  Figure  Il-l  shows,  material  is 


PRODUCTS  INPUT  FROM 
OTHER  INDUSTRIES 


RAW  MATERIAL 
INPUT 


PRODUCTS  OUTPUT  TO 
OTHER  INDUSTRIES 


CONSUMPTION  OF  ITS 
OWN  PRODUCTS 


! 

* 

AN 

INDUSTRY 

1 

i 

FINAL 

DEMAND 

~l 

i n 

n 

FIGURE  H-l.  REPRESENTATION  OF  MATERIAL  CONSUMPTION  REQUIREMENTS 
OF  AN  INDUSTRY  AND  ITS  FINAL  DEMAND 
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transferred  to  an  industry  from  the  material  source  industry,  labeled 
"raw  material  input."  The  source  industry  is  a material  refining  or 
fabricating  industry.  The  receiving  industry  is  a manufacturing  industry, 
which  converts  the  material  into  products.  These  products  are  distributed 
or  sold  to  three  outlets:  the  ultimate  consumer,  such  as  DoD;  other 

industries  that  require  them  as  inputs  to  manufacture  their  own  products; 
and  itself.  These  three  outlets  are  referred  to  as  final  demand, 
intermediate  demand,  and  self-consumption.  Furthermore,  as  indicated  in 
Figure  II-l,  an  industry  also  receives  products  from  other  industries 
that  have  consumed  the  material  in  their  manufacture.  Since  the  total 
material  required  as  inputs  to  an  industry  is  equal  to  that  required  for 
the  outputs,  the  description  shown  in  the  figure  can  be  generalized  to 
describe  the  total  flow  of  materials  throughout  the  U.S.  economy. 

Material  consumption  anf  low  analysis  was  performed  for  the  follow- 


ing materials: 

Aluminum 

Chromium 

Coal 

Cobalt 

Copper 

Lead 


Natural  gas 

Nickel 

Petroleum 

Platinum 

Silver 

Tin 


Titanium  metal 
Titanium  pigment 
Tungsten 
Zinc  castings 
Zinc  galvanizing 


Two  important  assumptions  of  this  calculation  of  material  flow  are 


1.  The  material  flow  considered  is  that  consumed  by  industry  and 
docs  not  include  that  sold  directly  to  final  demand.  For  the 
metals,  the  material  not  considered  is  primarily  that  exported. 
For  the  energy  resources,  the  significant  amount  consumed  by 
the  household  and  transportation  sectors  of  final  demand  was 


not  included. 

2.  No  distinction  is  made  between  the  products  of  an  industry 
sold  to  DoD  and  those  sold  to  the  civilian  economy.  This 
assumed  homogeneity  of  products  may  be  inaccurate  for  some 
specialized  industries,  such  as  aircraft  and  electronics. 
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Several  forms  of  display  for  the  volurrinous  and  complex  results  of 
the  calculations  were  developed.  One  of  the  most  useful  is  the  computer- 
ized flow  diagram,  an  example  of  which  is  shown  in  Figure  II-2.  This  figure 
shows  the  consumption  of  aluminum  (in  hundreds  of  short  tons)  by  industry 
for  DoD  final  demand.  The  six  industries  whose  final  demand  products 
require  the  most  aluminum  are  shown  in  Figure  II-2,  and  the  remaining  indus- 
tries are  aggregated  to  the  category  "other."  Symbols  representing  each 
industry  have  been  used  to  indicate  the  component  flow  of  products  and 
consumption  of  materials  as  previously  described  in  Figure  II- 1.  Thus  the 
quantity  labeled  "material  source"  in  Figure  II-2  corresponds  to  that  labeled 
"raw  material  input"  in  Figure  II-l.  Similarly,  the  quantity  labeled  "total 
requirements  for  final  demand"  corresponds  to  "final  demand"  in  Figure  II-l. 
The  other  labels  are  self-explanatory.  The  computerized  flow  diagram 
indicates  that  indirect  consumption  is  a major  factor  in  total  aluminum 
requirements.  Thus  the  direct  consumption  of  raw  material  by  all  six  of 
the  industries  shown  is  significantly  less  than  the  total  consumption 
required  for  their  final  demands  by  DoD. 

Another  form  of  display,  which  presents  less  detail,  is  the  circle 
diagram,  an  example  of  which  is  shown  in  Figure  III-3.  The  percentage  of 
total  aluminum  consumption  required  for  each  of  the  final  demand  products 
that  consume  the  most  aluminum  is  shown  for  the  total  United  States  and  for 
DoD.  This  figure  indicates  that  significant  differences  exist  between 
the  products  that  require  large  fractions  of  aluminum  consumption  for 
DoD  and  those  for  the  nation  as  a whole. 

An  example  of  a display  that  provides  a comparison  of  all  17  mate- 
rials is  presented  in  Table  II-l,  which  shows  the  percentage  of  U.S.  and 
DoD  consumption  that  is  direct  versus  indirect,  and  DoD  consumption  as 
a percentage  of  the  total  U.S.  consumption.  Tables  that  show  the  per- 
centage of  U.S.  and  DoD  consumption  of  each  of  the  17  materials  by  each  of 
the  150  industries  or  sectors  of  the  economy  are  included  in  Section  III. 
These  tables  provide  a visual  recognition  of  those  sectors  that  are  important 
contributors  to  U.S.  and  DoD  consumption  for  many  or  all  of  the  materials. 

Flow  diagrams  and  circle  charts  for  U.S.  and  DoD  consumption  for  all 
17  materials  are  included  in  the  appendix. 
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FIGURE  n-3  . U.S.  AND  DOD  CONSUMPTION  OF  ALUMINUM 


Table  I 1-1 


CONSUMPTION  PERCENTAGES  FOR  17  MATERIALS 
(1972) 


Material 

Percentage  of 
Consumption 
that  is  Direct 

DoD  Consumption  as 
a Percentage 
of  U.S.  Total 

U.S. 

DoD 

Aluminum 

37% 

53% 

6% 

Chromium 

31 

42 

5 

* 

Coal 

35 

18 

3 

Cobalt 

12 

11 

5 

Copper 

42 

46 

5 

Lead 

48 

64 

8 

Natural  gas 

39 

32 

3 

Nickel 

43 

57 

8 

Petroleum 

37 

45 

4* 

Platinum 

31 

36 

4 

Silver 

42 

31 

3 

Tin 

4 

4 

4 

Titanium  metal 

67 

72 

41 

Titanium  pigment 

15 

8 

3 

Tungsten 

34 

34 

9 

Zinc  castings 

68 

69 

4 

Zinc  galvanizing 

22 

8 

4 

The  energy  resources  have  significant  sales  directly  to  final 
demand  which  are  not  included  in  these  figures,  as  was  dis- 
cussed previously.  Thus  while  only  4 percent  of  petroleum 
is  consumed  by  industry  for  DoD,  approximately  5 percent  of 
total  U.S.  petroleum  is  consumed  by  DoD. 
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B. 


Material  and  Energy  Resource  Shortages 


The  second  part  of  the  study  investigated  economic  impacts  of  short- 
ages of  material  and  energy  resources.  The  objective  of  the  economic 
analysis  of  shortages  was  to  determine  and  analyze: 

• the  effects  of  specific  resource  shortages  on  GNP,  and  the 
relative  sensitivity  of  GNP  to  shortages  of  different  resources 

• the  effect  on  GNP  of  reducing  both  civilian  and  DoD  final  demand 
for  the  outputs  of  specific  industrial  sectors  during  resource 
shortages 

• the  effects  on  GNP  of  a simultaneous  shortage  of  more  than  one 
resource 

• the  effects  of  possible  shortages  on  DoD  needs  for  materials 
and  energy  resources. 

The  basic  approach  of  the  shortage  analysis  was  first  to  charac- 
terize the  effects  of  the  shortage  on  the  U.S.  economy  and  then  to  inves- 
tigate the  implications  of  these  economic  effects  on  DoD  materials 
consumption. 

The  methodology  for  investigating  economic  impacts  of  shortages  com- 
bined the  input-output  table  of  the  first  part  of  the  study  with  a linear 
programming  approach.  The  linear  programming  formulation,  structured 
to  maximize  GNP,  was  used  to  simulate  the  allocation  of  resources  under 
shortage  conditions.  An  important  limitation  of  the  linear  programming 
methodology  was  the  exclusion  of  the  effects  of  material  substitution  in 
reducing  economic  impacts  of  shortages.  The  most  significant  methodological 

problem  encountered  in  applying  the  model  was  the  establishment  of  minimum 

, + 

final  demand  constraints  for  industrial  output.  Analysis  of  historical 


For  most  of  the  calculations,  the  input-output  table  was  aggregated  to 
37  sectors.  Results  for  the  37  sector  table  agreed  well  with  calcula- 
tions using  a 150  sector  input-output  table. 

Final  demand  constraints  are  needed  to  assure  that  the  linear  program- 
ming solution  does  not  reduce  final  demand  for  the  products  of  speci- 
fied industries  so  low  as  to  threaten  the  viability  of  these  industries. 
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patterns  of  final  demand  for  industrial  products  provided  a solution  to 
this  problem. 

The  results  of  the  analysis  are  summarized  below. 


1 . Effects  of  Shortages  on  GNP 

Figure  II-4  summarizes  the  estimated  GNP  reduction  associated  with 
shortages  of  varying  magnitude  for  a series  of  material  and  energy  re- 


sources. Although  the  curves  are  only  approximate,  they  are  useful  in 
providing  rough  estimates  of  effects  of  shortages  on  GNP  and  are  espe- 
cially useful  for  comparing  the  relative  economic  impacts  of  shortages 
of  different  materials.  From  the  information  in  Figure  II-4  (and  analysis 
of  the  economic  impacts  of  shortages  of  several  other  materials),  we 
conclude  that: 


• The  adverse  economic  effects  of  energy  shortages  occur 

at  lower  shortage  levels  and  are  greater  than  the  effects 
of  material  resource  shortages.  This  is  probably  due  to 
the  ubiquity  of  energy  in  the  economy. 

• For  most  materials,  relatively  small  shortages  (5-15  per- 
cent of  consumption)  are  likely  to  have  only  localized 
economic  effects.  Greater  shortages  are  likely  to  pro- 
duce adverse  economic  effects  of  substantially  increasing 
magnitude . 

• Under  shortage  conditions,  those  material  resources  most  likely 
to  reduce  GNP,  in  decreasing  order  of  impact,  are  platinum, 
cobalt,  tin,  chromium,  aluminum,  copper,  silver,  and  nickel. 

2.  Simultaneous  Shortages  of  Two  Resources 


Figure  II-5  compares  the  effects  of  a simultaneous  aluminum  and 
petroleum  shortage  with  shortages  of  the  two  materials  occurring  sepa- 
rately. The  simultaneous  shortages  have  a lesser  economic  impact  than 
the  sum  of  the  separate  shortage  impacts.  This  is  a result  of  the  fact 
that  a shortage  of  one  resource  diminishes  demand  for  other  resources  by 
reducing  economic  activity. 


9 


FIGURE  E -4.  EFFECTS  OF  ENERGY  AND  MATERIAL  SHORTAGES  ON  GNP 


fmr 


P 


WSHWPW*-.1  .uu-Ml. 


il- 1. * l 1 1 iii. i.  in  .mi  jn,,pu  i 


3.  Reductions  In  Final  Demand  To  Minimize  Adverse  Economic 
Ff foots  of  Shortages 

During  an  aLuminum  shortage,  reducing  final  demand  for  the 
industrial  products  shown  in  Figure  I I— 6 is  most  likely  to  minimize  the 
adverse  effects  ol  the  shortage  on  GNP,  as  the  industries  manufacturing 
these  products  contribute  least  to  GNP  through  the  use  of  aluminum.  Also 
shown  in  Figure  11-6  is  the  percentage  of  DoD  and  U.S.  aluminum  use  through 
consumption  of  the  specific  products.  An  important  conclusion  from  this 
figure  is  that,  in  the  event  of  an  aluminum  shortage,  availability  of 
ammunition  to  DoD  is  likely  to  be  substantially  reduced,  as  (1)  the  ammu- 
nition industry  contributes  little  to  GNP  through  the  use  of  aluminum  and 
consequently  economic  forces  would  tend  to  divert  the  aluminum  to  other 
industries,  and  (2)  DoD  consumes  a substantial  quantity  of  aluminum  through 
its  purchases  of  ammunition.  Similar  results  and  analyses  are  contained 
in  the  report  for  other  material  and  energy  resources. 


4 . Recommend  it  ions 

The  major  recommendations  and  conclusions  of  the  study  are: 

• Among  the  resource  shortages  analyzed,  the  economic  impacts  of 
energy  shortages  are  particularly  adverse.  The  availability 
of  these  resources  deserves  continuing  priority  attention  by 
DoD. 

• Among  the  material  resources  studied,  chromium,  aluminum,  and 
tin  are  commodities  for  which  a stockpile  for  economic  pur- 
poses may  be  desirable,  because  of  potentially  adverse  eco- 
nomic impacts  of  shortages  of  these  materials,  high  levels  of 
imports,  insecurity  of  import  sources,  and  limited  domestic 
reserves.  Platinum  is  also  t candidate  for  an  economic  stock- 
pile or  alternative  measures  to  assure  supply,  especially 
because  of  its  economic  impacts  at  relatively  low  shortage 
levels.  Additional  analysis  of  measures  to  protect  against 
adverse  impacts  of  shortages  of  these  materials  is  recommended. 

• A framework  has  been  established  to  guide  DoD  advance  planning 
for  shortages.  One  example  of  the  results  of  applying  this 
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framework  is  that  DoD  is  likely  to  experience  supply  problems 
for  ammunition  products  during  an  aluminum  shortage.  Indica- 
tors of  other  potential  DoD  supply  problems  can  be  derived 
tor  17  material  and  energy  resources  from  information  presented 
in  the  report  and  the  appendix  to  the  reprrt. 

Additional  extensions  of  the  resource  shortage  model  are 
recommended  to  explicitly  treat  substitution  and  price  effects 
that  occur  during  shortages. 
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III  DOD  MATERIAL  CONSUMPTION  REQUIREMENTS 
A.  Introduction 

The  purpose  of  the  analysis  and  results  presented  in  this  section  is 
to  estimate  the  amount  of  each  of  17  critical  materials  consumed  by  U.S. 
industries  in  order  to  supply  DoD  final  demand.  The  methodology  by  which 
these  estimates  were  derived  is  discussed  first,  followed  by  presentation 
of  the  results. 

B • Methodology  of  Estimation  of  DoD  Material  Consumption 

The  methodology  was  based  on  the  use  of  national  input-output  tables 
of  industry  purchases  and  sales  supplemented  with  data  on  the  consumption 
of  each  material  by  industry.  Since  the  mathematics  of  manipulation  of 
input-output  tables  is  complex  and  frequently  distracts  from  the  physical 
meaning  of  the  interactions,  the  methodology  is  explained  in  two  parallel 
parts:  (1)  a conceptual  description  of  the  processes  represented  by  the 

calculations  and  (2)  the  mathematical  formulation  involved.  Thereafter 
the  implementation  of  the  calculations  is  discussed. 

1 . A Conceptual  Description  of  the  Methodology 

The  goods  and  services  that  the  DoD  purchases  from  U.S.  indus- 
tries require  the  consumption  of  specific  materials  for  their  manufacture 
and  provision.  The  nature  of  this  consumption  is  of  two  types: 

• Direct  consumption — the  material  that  an  industry  uses 
to  manufacture  the  product  it  sells  to  DoD 

• Indirect  consumption — the  material  consumed  by  a given 
industry  to  manufacture  products  that  are  sold  to  other 
industries  for  input  to  the  manufacture  of  products  that 
are  in  turn  sold  to  DoD. 
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Both  types  of  consumption  are  necessary  to  supply  DoD.  Thus,  the  material 
required  to  produce  the  goods  and  services  purchased  by  DoD  is  the  sum 
of  the  direct  and  indirect  consumption. 

A useful  way  of  describing  the  material  consumption  of  an 
industry  is  illustrated  in  Figure  III-l. 


PRODUCTS  INPUT  FROM  PRODUCTS  OUTPUT  TO 
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FIGURE  JH-  I . REPRESENTATION  OF  MATERIAL  CONSUMPTION  REQUIREMENTS 
OF  AN  INDUSTRY  AND  ITS  FINAL  DEMAND 


As  shown  in  t.his  figure,  material  is  first  transferred  to  an  industry 
from  the  material  source  industry.  This  source  is  a processing,  refin- 
ing, or  fabricating  industry.  The  receiving  industry  consumes  the  raw 
material  in  the  manufacture  of  its  products.  These  manufactured  pro- 
ducts are  then  distributed  to  one  or  more  of  three  outlets:  the  ultimate 

consumer,  other  industries  that  require  them  as  inputs  to  manufacture  their 
own  products,  and  itself.  These  three  outlets  are  referred  to  as  final 
demand,  intermediate  demand,  and  self-consumption,  respectively. 

For  the  system  illustrated  in  Figure  III-l,  the  total  material 
required  as  inputs  to  an  industry  is  equal  to  that  required  for  the  out- 
puts. The  inputs  include  the  raw  material  plus  the  material  required 
for  the  products  input  from  other  industries.  The  outputs  include  the 
material  required  to  produce  the  output  to  final  demand  plus  the  mater- 
ial required  to  produce  the  output  to  other  industries.  This  description 
of  the  flow  of  material  in  an  industry  applies  to  all  industries.  Since 
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the  industry  flows  are  each  individually  balanced  (i.e.,  materials  input 
equals  materials  output),  the  description  in  Figure  III-l  of  material  flow 
into  and  out  of  an  industry  may  be  generalized  to  describe  the  total  flow 
of  materials  throughout  the  economy  that  are  required  to  produce  the  set 
of  specified  final  demands. 

The  previous  definition  of  direct  and  indirect  consumption  can 
be  understood  by  referring  to  Figure  III-l.  The  direct  consumption  is  that 
portion  of  the  raw  material  input  consumed  to  manufacture  the  products 
output  directly  to  final  demand.  All  other  consumption  is  indirect. 

Thus,  direct  consumption  is  that  which  goes  from  raw  material  to  final 
demand  products  without  any  intermediate  consumption  of  the  product. 
Indirect  consumption  involves  intermediate  products  that  are  consumed  to 
produce  final  demand. 

2.  Mathematical  Formulation 

The  estimates  of  material  consumption  are  based  on  the  input- 
output  tables  of  interindustry  and  final  demand  transactions  that  describe 
the  U.S.  economy  for  a particular  year.  Three  different  forms  of  input- 
output  tables  are  available.  The  first  is  the  transactions  table,  in 
which  the  dollar  sales  of  an  industry  to  all  other  industries  and  to  final 
demand  are  shown.  The  second  form  is  the  direct  coefficients  table, 
represented  by  the  matrix  A,  which  is  formed  by  dividing  each  transaction 
by  the  total  sales  of  the  industry  making  the  purchase.  The  direct  coef- 
ficients are  related  to  the  final  demand  by: 

(I  - A)-  X = Y equation  (1) 

where  I = the  identity  matrix,  X = vector  of  gross  outputs  on  total  sales, 
and  Y = vector  of  final  demands.  This  relationship  can  be  inverted  as: 

(I  - A)"1  • Y = X equation  (2) 

where  (I  - A)  ^ = the  total  requirements  coefficients  matrix  and  is  formed 
by  inverting  the  (I  - A)  matrix.  This  total  requirements  coefficients 
matrix  is  the  third  form  of  the  input-output  tables. 


The  vectors  X and  Y and  the  matrix  (I  - £)  ^ can  be  understood 
in  terms  of  the  direct  and  indirect  flows,  as  discussed  previously.  The 
final  demand  vector,  Y,  contains  dollar  flows  to  industries  from  final 
demand.  It  is  thus  representative  of  the  direct  dollar  flows  from  final 
demand  to  industries  for  the  purchase  of  industrial  products.  Materials 
that  the  industry  uses  to  produce  these  products  constitute  '.he  direct 
materials  flow  from  that  industry  to  final  demand,  as  defined  previously. 

The  total  requirements  matrix,  (I  - A)“l,  may  be  thought  of  as  a trans- 
formation that  operates  on  the  final  demand  vector  to  yield  the  gross 
output  vector,  X.  The  gross  output  vector  contains  the  total  dollar  flows 
to  industries  from  both  the  consumer  (final  demand) , the  other  industrial 
sectors  (intermediate  demand),  and  itself  (self -consumption) . The  materials 
that  the  industry  uses  to  manufacture  the  products  for  final  and  intermediate 
demand  and  self-consumption  constitute  the  direct  and  indirect  materials 
flow  from  the  industry. 

Since  the  total  requirements  coefficients  matrix,  (I  - A)  1, 
and  the  final  demand  vector,  Y,  are  available,  equation  (2)  provides  a 
method  of  calculating  the  gross  output  vector,  X.  The  total  material 
consumption,  direct  and  indirect,  to  fulfill  final  demand  can  then  be 
calculated  directly  for  the  gross  output  vector.  The  formulation  of  the 
material  consumption  estimate  is  expressed  in  its  most  general  form  by: 

M • X = C equation  (3) 

where  M = the  row  vector  whose  elements  are  the  ratio  of  material  consumed 
by  each  industry  to  the  gross  output  or  sales  of  that  industry,  expressed 
as  weight  of  material  per  dollar  of  gross  output,  and  C = the  total 
amount  of  material  consumed  to  fulfill  final  demand,  a scalar  quantity. 

Substituting  equation  (3)  into  equation  (2)  gives: 

M • (1  - A)”1*  Y = C equation  (4) 


This  equation  is  the  basic  relationship  used  for  the  material  flow  cal- 
culations in  this  study.  The  identification  of  specific  direct  and 
indirect  material  flows  is  derived  from  the  dissection  of  equation  (4) 
and  the  interpretation  of  the  component  terms  of  that  expression. 
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The  quantitative  estimate  of  the  total  direc“  and  indirect 
material  consumption  required  to  produce  the  final  demand  for  the  products 
of  each  industry  can  be  derived  from  the  relationships  of  equation  (4). 

Let  m^  = the  quantity  of  material  consumed  by  industry  i per 
dollar  of  output  or  sales  of  that  industry.  This  is 
the  material  consumption  ratio,  i.e.,  the  element  of 
row  vector  M. 


r„  = the  dollars  of  sales  or  output  from  industry  i to 
industry  j to  supply  $1  of  sales  of  product  j to 
final  demand  (product  j is  that  which  is  produced 
by  industry  j).  This  is  the  element  of  the  total 
requirements  coefficient  matrix  (I  - A)  ^ . 


f . 
J 


the  dollars  of  sales  by  industry  j to  final  demand. 
This  is  an  element  of  the  final  demand  vector,  Y. 
Since  we  are  interested  in  estimating  material  con- 
sumption required  to  fulfill  DoD  final  demand,  we 
define  the  term  f ^ = the  dollars  of  sales  by  industry 

i to  DoD  final  demand.  Then  f.  is  an  element  of  the 

J 

DoD  final  demand  vector,  designated  Y. 


Using  these  defined  quantities,  a single  product  factor  or 
equation  (4)  is  m^  • r^  • f ^ = quantity  of  material  required  by  industry 
i to  support  the  sales  of  product  j to  DoD.  The  basis  for  interpretation 
of  this  product  can  be  seen  by  noting  the  units  as  follows : 


A basic  assumption  of  the  input-output  formulation  is  that  the  output 
of  each  industry  is  directly  proportional  to  the  inputs.  That  is,  if 
each  input  is  doubled,  the  output  is  also  doubled.  This  proportionality 
between  inputs  and  outputs  allows  the  use  of  the  same  coefficients  of 
the  table  to  calculate  the  output  required  to  fulfill  any  bill  of  final 
demand  requirements.  Thus,  the  same  formulation  is  used  in  this  study 
for  calculating  both  the  material  requirements  for  DoD  final  demand  and 
the  total  U.S.  final  demand.  We  generally  use  fj  and  Yj  to  refer  to 
either  DoD  or  total  U.S.  final  demand,  as  the  distinction  between  the 
two  is  clear  from  the  context  of  the  discussion. 
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Quantity  of  material 
$ sales  of  industry  i 


rij 

$ sales  of  industry  i 
$ sales  of  product  j 
to  final  demand 


$ sales  of  product  j 
to  DoD  final  demand 


= quantity  of  material  required  by  industry  i to  provide  sales  of 
project  j to  DoD  final  demand. 


This  product,  summed  over  i and  j (i.e.,  summed  over  all  in- 
dustries and  all  final  demands),  equals  the  total  material  required,  C, 
both  direct  and  indirect,  to  produce  the  final  demand. 

The  individual  components  of  material  consumption  of  an  industry, 

k,  as  in  Figure  III-l  are  obtained  by  considering  the  partial  summations  as 
follows : 

i mi‘rik‘fk  = Vfk  + mk,(rkk-1),fk  + ih  mi*rik*fk  (ecluation  5> 

The  terms  of  this  equation  can  be  identified  with  corresponding  portions  of 
Figure  III-l  as  follows: 

total  material  required  to  fulfill  final  demand  for  product 
k = material  used  for  products  sold  to  final  demand  k + 
material  used  for  products  for  self-consumption  + material 
used  by  other  industries  to  supply  products  to  industry  k. 

A second  partial  sum  of  interest  is: 


] mk,rkj*fj  = "Vfk  + mk*(rkk-1),fk  + j£k  mk*rkj*fj  (equation  6) 

Equation  (6)  is  interpreted  as  follows: 

total  material  input  into  industry  k to  manufacture  its  products 
= material  used  for  products  sold  to  final  demand  k + 
material  used  for  products  for  self-consumption  + material 
used  for  products  supplied  to  other  industries. 

Summing  the  left-hand  side  of  equation  (5)  over  all  final 
demands  gives  the  total  direct  and  indirect  materials  consumption  to  ful- 
fill demand  for  product  k,  as  does  summing  the  left-hand  side  of  equa- 
tion (6)  over  all  industries.  Although  not  so  obvious,  it  is  easy  to 
show  that  the  terms  representing  the  inputs  in  equations  (5)  and  (6)  sum 
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to  the  same  quantity  as  the  terms  representing  outputs  for  each  industry 

* 

final  demand  pair  [i.e.,  for  the  same  k in  equations  (5)  and  (6)]. 

3.  Data  Inputs  and  Implementation 

Four  types  of  data  were  used  to  develop  the  material  consumption 
estimates.  These  are  an  interindustry  input-output  table,  U.S.  and  DoD 
final  demand  estimates,  deflation  factors  to  transform  all  dollar  inputs 
into  constant  dollars,  and  material  consumption  estimates  for  each  industry. 

The  manner  in  which  these  inputs  were  combined  is  shown  in  Figure  III-2. 

a.  Interindustry  Input-Output  Table 

The  basic  input-output  table  used  was  the  367-sector  table 
for  1967,  published  by  the  Bureau  of  Economic  Analysis,  U.S.  Department  of 
Commerce.1^  This  is  the  latest  complete  table  of  industry  transactions 
published  by  the  U.S.  government.  Although  tables  for  as  late  as  1972  have 
been  derived  by  others  by  extrapolation  techniques,  the  Department  of 
Commerce  tables  are  the  most  widely  used  because  they  are  based  on  the  most 
complete  data.  Therefore,  the  1967  table  was  used  as  the  basis  for  this  study. 

As  shown  in  Figure  III-2,  we  used  an  input-output  table  con- 
sisting of  404  sectors.  This  input-output  table  was  derived  from  the  Bureau 
of  Economic  Analysis  367-sector  input-output  table  by  disaggregating  the 
mining  industries  from  5 to  44  sectors.  The  disaggregation  was  done  by 
the  Lawrence  Berkeley  Laboratory  from  data  supplied  by  the  U.S.  Bureau  of 
Mines.  The  404-sector  table  was  then  aggregated  to  150  sectors  to  correspond 


fa 

References  are  listed  at  the  end  of  the  report. 

^To  do  this,  note  that  the  direct  input  and  output  terms  are  identical, 
as  are  the  self  terms.  It  remains  to  show  that 


fVrkj-fj  + ^kmirik-£k  ' |"irij-fk  + 3kVrkj-fj 

but  note  that 

JVrkj*fj  = j^j'^k^k  +mkrkk,fk 


Pi*rik,fk  = i£kmi'rik*fk  + rakrkk'fk- 

If  the  last  two  expressions  are  substituted  into  the  first,  the  terms 
on  each  side  of  the  equation  match  up  exactly. 
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with  the  level  of  aggregation  of  the  final  demand  estimates  used.  The 
definition  of  each  of  the  150  sectors  is  given  in  the  appendix  to  this 
report . 

b.  Final  Demand 

The  estimates  of  both  U.S.  and  DoD  final  demand  for  1972 
were  assembled  by  Mr.  Albert  Schulman,  Federal  Preparedness  Agency,  General 
Services  Administration.  The  DoD  final  demand  was  derived  from  infor- 
mation published  by  the  office  of  the  Assistant  Secretary  of  Defense 
(Comptroller)  in  the  "Monthly  Report  on  Status  of  Funds  by  Functional 
Title."  The  U.S.  final  demand  is  from  Department  of  Commerce  data. 

These  estimates  were  furnished  at  an  aggregation  level  of  145  sectors. 

Five  energy  sectors  were  further  disaggregated  by  partitioning  the  final 
demand  figures  for  those  sectors  in  proportion  to  the  more  detailed  1967 
final  demand  of  the  input-output  table.  The  estimates,  furnished  in  1963 
dollars,  are  shown  in  the  appendix  to  this  report  inflated  to  1967  dollars 
to  match  the  input-output  table. 

c.  Deflation  Factors 

The  intermediate  and  final  demand  purchases  were  converted 
into  constant  1967  dollars,  using  deflation  factors  assembled  by  Lawrence 
Berkeley  Laboratory  from  data  published  by  the  U.S.  Bureau  of  Labor 
Statistics.  The  choice  of  1967  dollars  was  made  to  establish  consistency 
between  the  consumption  ratios,  the  final  demand  vectors,  and  the  input- 
output  coefficients.  Since  the  end  result  of  the  calculation,  amount  of 
material  Lo  fulfill  final  demand,  is  expressed  in  units  independent  of 
dollars,  the  result  is  not  affected  by  the  year  chosen  for  the  constant 
dollars.  The  deflation  factors  are  shown  in  the  appendix. 

d.  Material  Consumption  Estimates 

The  final  data  input  required  was  the  amount  of  material 
consumed  by  each  of  the  150  sectors.  The  most  detailed  listing  of  in- 
dustry consumption  available  is  that  developed  by  Dr.  Herman  Director, 
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of  Herman  Director  Associates,  for  the  Federal  Preparedness  Agency.  These 
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consumption  estimates,  which  were  at  a four-digit  SIC  code  level,  were 
aggregated  to  the  150-sector  level  for  this  study.  The  13  materials  for 
which  consumption  estimates  were  obtained  from  this  source  are: 


Aluminum 
Cobalt 
Copper 
Lead 
Nickel 

Industry  consumption  estimates  for  three  energy  resources 
petroleum,  natural  gas,  and  coal — were  obtained  as  follows.  Coal  consump- 
tion data  were  published  by  the  U.S.  Bureau  of  Census^*  for  1971  at  a four- 
digit SIC  code  level.  Petroleum  and  gas  consumption  data  for  1968  were 
obtained  from  the  1968  Minerals  Yearbook**  at  a two-digit  SIC  code  level; 
these  data  were  disaggregated  to  150  sectors  according  to  the  proportion 
of  1967  sales  to  each  sector  of  the  petroleum  refining  industry  and  gas 
utilities,  respectively.  These  consumption  figures  were  scaled  to  1972 
using  the  total  consumption  for  each  listed  in  the  1972  Minerals  Yearbook. 

Finally,  U.S.  industry  consumption  of  chromium  was  added 
to  the  list  because  of  the  strategic  importance  of  this  material.  The 
data  used  for  this  material  were  obtained  from  the  1972  Minerals  Facts 
and  Figures,  published  by  the  U.S.  Bureau  of  Mines  at  a two-digit  SIC 
code  level. ^ Only  the  83  percent  of  domestic  consumption  allocated  to 
specified  industries  was  included.  The  17  percent  of  consumption  allo- 
cated to  the  general  title  "other  industries"  was  not  considered.  The 
consumption  figures  were  disaggregated  to  the  150-sector  level  by  parti- 
tioning in  proportion  to  sector  gross  output. 

The  particular  definition  of  material  consumption  used  in 
these  estimates  should  be  noted.  The  material  flow  cycle  goes  from  mining, 
through  processing,  to  use  in  manufacture,  and  finally  to  sales  as  products. 
The  point  in  that  cycle  at  which  consumption  is  measured  is,  in  general, 
that  point  at  which  the  material  loses  its  separate  identity  and  becomes 
combined  with  other  materials  in  the  manufacturing  process.  This  point, 
for  most  materials,  is  the  purchase  by  a manufacturing  industry  of  the 
material  in  the  form  of  ingots,  plate,  or  other  fabricated  products  from 
the  metal  refining  or  fabricating  industries.  Thus,  the  industries  counted 


Platinum  Tungsten 

Silver  Zinc  castings 

Tin  Zinc  galvanizing 

Titanium  metal 
Titanium  pigment 
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as  "consuming"  materials  are  those  that  convert  the  material  into  iinal 
products,  rather  than  either  mining  or  intermediate  refining  and  fabricating 
industries.  This  choice  of  a particular  point  in  the  flow  at  which  to 
register  material  consumption  is  necessary  to  avoid  multiple  counting  of 
the  consumption  of  the  same  material. 

As  a result  of  counting  consumption  only  at  the  input  to 
manufacturing  industry,  material  sold  by  the  mining  or  processing  indus- 
tries directly  to  final  demand  is  not  included  in  the  material  flow  calcu- 
lations. Thus,  for  example,  aluminum  purchased  from  the  aluminum  tabricat- 
ing  industries  by  DoD,  the  household  sectors,  or  for  export  is  not  included 
in  the  consumption  estimates.  Actually,  very  little  of  the  metal  resources 
is  sold  directly  to  final  demand,  except  that  which  is  exported.  Thus,  the 
U.S.  and  DoD  consumption  figures  for  these  resources  adequately  represent 
the  complete  domestic  consumption.  However,  it  should  be  borne  in  mild 
that  large  fractions  of  the  domestic  consumption  of  some  of  these  metals 
are  exported  in  addition.  The  metals  whose  exports  are  greater  than  1 
percent  of  the  domestic  consumption  are  shown  in  Table  III-l . 

Table  III-l 


EXPORT  OF  METAL  RESOURCES  AS  A PERCENTAGE 
OF  DOMESTIC  CONSUMPTION 

(1972) 


Metal 

Exports  as  a Percentage  of 
Domestic  Consumption 

Platinum 

52% 

Titanium  metal 

27 

Silver 

20 

Nickel 

10 

Chromium 

6 

Aluminum 

5 

The  energy  resources,  however,  are  sold  in  significant 
quantities  directly  to  domestic  final  demand.  Specifically,  A3  percent 
of  the  petroleum,  2A  percent  of  the  natural  gas,  and  12  percent  of  the  coal 
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consumed  domestically  is  sold  directly  from  the  resource  processing 
industries  to  final  demand.  Thus,  the  energy  consumption  estimates  refer 
only  to  those  Btus  that  are  consumed  by  industry  to  manufacture  their 
products  sold  to  final  demand.  The  energy  consumed  directly  by  the  house- 
hold or  transportation  sectors  of  final  demand  is  not  included. 


e.  Key  Assumptions 

The  most  critical  assumptions  behind  these  estimates  of 
industry  transactions  at  the  national  level  are  those  that  relate  to  the 
input-output  methodology.  In  using  the  direct  and  total  requirements 
coefficients  to  calculate  the  gross  output  of  each  industry  to  satisfy 
only  part  of  the  total  U.S.  final  demand,  namely  that  of  DoD,  we  assumed 
that  the  output  of  each  industry  is  directly  proportional  to  the  input 
of  that  industry.  Thus,  if  DoD  final  demand  for  a particular  industry 
product  is  20  percent  of  the  national  final  demand  for  the  product,  we 
have  assumed  that  20  percent  of  the  resources  are  required  to  fulfill  it. 
Since  DoD  final  demand  requirements  are  actually  a portion  of  national 
requirements,  and  are  not  produced  separately,  it  is  not  unreasonable  to 
approximate  the  incremental  input  required  to  produce  DoD  final  demand 
as  the  same  proportion  of  that  required  to  supply  the  national  final  demand. 

A more  significant  assumption  of  these  calculations  is 
that  the  output  of  each  industry  is  homogeneous.  That  is,  there  is  no 
differentiation  between  the  products  sold  by  an  industry  to  other  indus- 
tries or  to  final  demand.  Each  sale  transaction  of  an  industry  is  treated 
as  if  it  were  exactly  the  same  product  being  sold  to  DoD.  While  this 
assumption  is  acceptable  for  many  of  the  products  comprising  DoD  final 
demand,  it  is  clearly  unrealistic  in  the  case  of  such  specialized  goods 
as  aircraft  and  electronics.  In  order  to  treat  the  product  differences 
between  DoD  and  U.S.  final  demand,  each  industry  sector  involved  would 
have  to  be  disaggregrated  into  two  parts,  one  producing  for  DoD  and  the 
other  producing  for  the  rest  of  the  United  States.  Such  a disaggrega- 
tion would  require  the  differentiation  of  the  inputs  to  each  sector  in- 
volved and  would  require  considerable  data  gathering  to  produce  a credible 
degree  of  accuracy.  Less  rigorous  estimates  could  be  used,  however,  to 
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give  an  indication  of  the  effects.  Such  estimates  were  not  developed  for 
this  study.  To  the  extent  that  most  DoD  purchases  of  products  from  a given 
industry  are  similar  to  the  remaining  outputs  of  that  industry,  the  approx- 
imation  made  is  valid.  We  believe  this  to  be  generally  the  case. 

Another  assumption  was  that  the  coefficients  of  the  1967 
input-output  table  have  not  changed  significantly  between  1967  and  1972; 
that  is,  the  manufacturing  technology  represented  by  the  dollar  amount 
and  distribution  of  inputs  required  to  produce  a dollar  of  output  has  not 
changed  to  a major  degree  during  this  time  period.  This  is  also  a reason- 
able assumption  for  nearly  all  industries.  However,  a few,  such  as  the 
computing  equipment  industry,  have  shown  major  changes  during  this  time 
period.  Analysis  of  the  effects  of  these  changes  on  the  material  consump- 
tion estimates  was  not  made,  but  it  is  expected  that  the  effects  of  this 
assumption  are  small. 

f . Implementation 

The  flow  diagram  in  Figure  III-2  summarizes  the  method  of 
calculating  direct  and  indirect  material  flows.  The  404-sector  input- 
output  table  was  aggregated  to  150  sectors.  The  150-sector  table  was 
transformed  into  a table  of  direct  coefficients  by  dividing  each  trans- 
action by  the  gross  output  of  the  purchasing  industry.  The  total  require- 
ments coefficients  needed  for  the  material  consumption  calculations  were 
then  obtained  by  inverting  the  matrix  of  direct  coefficients.  The  final 
demand  estimates  were  deflated  and  disaggregated  to  150  sectors  in  1967 
dollars  to  match  the  input-output  table.  The  final  demand  and  total 
requirements  coefficients  were  then  combined,  as  shown  previously  in 
equation  (5),  to  give  the  gross  output  for  each  sector.  The  material 
consumption  for  each  sector  was  then  divided  by  the  gross  output  to  give 
the  material  consumption  ratios.  Finally,  the  three  factors — final  demand, 
total  requirements  coefficients,  and  material  consumption  ratios — were 
multiplied  and  added  as  shown  in  equations  (3)  and  (4)  to  produce  the 
direct  and  indirect  material  consumption  estimates  for  each  sector. 


In  fact,  most  of  the  specialized  products  required  by  DoD  are  purchased 
from  industries  that  supply  most  of  their  output  to  DoD  (e.g.,  ammunition 
and  missiles) . 
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c. 


Results 


The  results  of  the  calculations  described  are  voluminous,  containing 
a detailed  data  base  useful  for  studies  requiring  an  analysis  of  inter- 
industry flow  of  materials.  For  each  of  the  17  materials,  computer  print- 
outs are  available  showing  the  components  of  material  consumption  for  each 
of  150  sectors.  An  example  of  the  computer  printout  of  these  data  is  given 
in  the  appendix.  In  addition,  a detailed  breakdown  of  the  indirect  in- 
dustry consumption  of  each  of  the  component  industries  comprising  the 
consumption  in  Figure  III-l,  labeled  "products  input  from  other  industries" 
and  "products  output  to  other  industries,"  is  possible  at  very  little 
additional  cost  by  using  existing  computer  programs. 

Without  selective  condensation  and  illustrative  presentation,  such 
data,  while  useful  as  input  to  other  studies,  provide  very  little  under- 
standing of  the  important  relationships  involved  in  interindustry  flow  of 
materials.  The  difficulty  posed  by  condensation  is  the  danger  of  over- 
looking key  underlying  relationships  by  indiscriminate  aggregation.  Thus, 
considerable  effort  was  devoted  in  this  study  to  developing  ways  of  pre- 
senting the  data  that  are  both  comprehensible  and  illuminating  and  that 
maximize  the  likelihood  of  identifying  the  important  characteristics  of 
the  estimates.  Two  forms  of  visual  presentation  were  developed:  a 

computerized  flow  diagram  and  a consumption  circle  diagram. 

This  part  of  the  report  deals  with  these  two  forms  of  presentation. 

To  maintain  a continuity  of  presentation  and  tc  allow  the  reader  to  develop 
insight  into  the  power  of  the  approach  and  methodology,  two  materials  are 
used  as  examples:  aluminum  and  petroleum.  Corresponding  presentations 

for  all  materials  are  included  in  the  appendix.  The  analysis  of  these  two 
materials  does  not  attempt  to  be  comprehensive,  but  will  be  illustrative 
of  the  type  of  information  that  can  be  derived  from  material  flow  calcula- 
tions. Summary  tables  of  key  characteristics  of  all  the  materials  are  also 
presented  and  discussed. 

1.  Material  Flow  Diagrams 

Figure  III-3  is  the  material  flow  diagram  developed  for  U.S. 
domestic  consumption  of  aluminum.  The  oetailed  consumption  inputs  and 
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outputs  of  the  six  industries  that  required  the  most  direct  and  indirect 
consumption  of  aluminum  to  provide  their  products  sold  to  final  demand 
are  shown.  The  requirements  of  all  other  industries  are  assigned  to  a 
single  composite  industry  labeled  "other."  Where  several  industries  each 
have  high  final  demand  consumption  requirements  and  are  closely  associated, 
they  have  been  combined  under  a single  label.  Examples  of  this  are  the 
construction  industry,  which  includes  "new  construction"  and  "maintenance 
and  repair  construction,"  and  the  motor  vehicle  industry,  which  includes 
"truck  and  bus  bodies  and  tractor  trailers,"  as  well  as  "motor  vehicles 
and  parts."  Symbols  representing  each  industry  have  been  developed  and 
used.  The  symbol  identification  is  given  in  the  center  square  labeled 
"consuming  industry."  The  components  of  consumption  for  each  industry 
correspond  to  those  discussed  previously  and  shown  in  Figure  III-l.  Thus, 
the  quantity  on  the  left  labeled  "material  source"  is  that  labeled  "raw 
material  input"  in  Figure  111-1.  The  quantity  on  the  right  labeled  "total 
requirements  for  final  demand"  is  that  arrow  pointing  to  final  demand  in 
Figure  III-l.  The  other  labels  are  self-explanatory.  Neither  the  self- 
consumption of  the  industries'  own  products  nor  the  direct  consumption 
are  shown  in  the  diagram  since  they  both  have  equal  input  and  output  and 
are  intraindustry  rather  than  interindustry  flow. 

The  total  direct  and  indirect  consumption  of  aluminum  is 

5.709.000  tons  and  is  shown  in  Figure  IIT.-3  as  the  total  input  from  the 
material  source  industries  as  well  as  the  total  requirements  for  final 
demand.  The  two  totals  of  the  input  products  and  output  products,  both 

2.078.000  tons,  represent  the  total  indirect  consumption  of  aluminum 
excluding  self-consumption,  which,  in  this  case,  is  1,493,000  tons.  The 
direct  consumption,  also  not  shown,  is  2,138,000  tons. 

The  diagram  shows  that  each  product  input  is  matched  by  a cor- 
responding product  output.  Thus,  the  5000  tons  of  aluminum  in  products 
input  from  the  motor  vehicle  industry  to  the  construction  industry  (shown 
by  the  auto  symbol  at  the  upper  left)  are  matched  by  the  same  5000  tons 
consumption  for  output  from  the  motor  vehicle  industry  to  the  construction 
industry  (shown  by  the  house  symbol  at  the  right  of  the  motor  vehicle 
industry  center  square).  Further,  the  sum  of  the  inputs  of  each  industry 
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(i.e.,  the  material  source  plus  products  input  from  other  industries)  is 
equal  to  the  sum  of  the  outputs  of  each  industry  (i.e.,  products  output 
plus  the  total  requirements  for  final  demand).  In  some  cases  these  totals 
do  not  add  because  of  rounding. 

A wealth  of  information  can  be  extracted  from  this  flow  chart. 

A few  examples  of  the  *inds  of  information  contained  in  Figure  111-3  include: 

1.  The  construction  industry  is  the  single  largest  user  of 
aluminum  when  indirect  as  well  as  direct  use  is  included. 
However,  while  that  industry's  sales  to  final  demand  require 
29  percent  of  the  total  consumption  of  aluminum  (1677/5709), 
only  9 percent  (511/5709)  of  the  total  aluminum  is  consumed 
directly  by  that  industry.  Thus,  the  importance  of  aluminum 
to  the  construction  industry  is  much  greater  than  is 
indicated  by  the  amount  of  that  material  it  purchases  from 
the  aluminum  fabricating  industries. 


2.  Although  the  processed  foods  industry  does  not  purchase 
aluminum  directly,  it  purchases  manufactured  products  re- 
quiring aluminum  in  large  quantities  from  many  industries 
(not  shown  in  the  flow  diagram) . The  detailed  computer 
printout  indicates  that  most  of  this  consumption  for  input 
products,  235,000  tons,  is  from  the  metal  container  industry, 
as  expected.  This  indirect  requirement  of  aluminum  makes 
the  processed  foods  industry  the  third  largest  user  of 
aluminum  even  though  it  purchases  no  aluminum  directly. 

3.  The  trailer  coach  industry,  whose  primary  product  is  mobile 
homes,  is  the  fourth  largest  direct  and  indirect  consumer 
of  aluminum.  Nearly  all  of  its  consumption  is  direct; 
that  is,  very  little  of  the  total  consumption  of  228,000 
tons  was  provided  by  products  input  from  other  industries, 
and  very  little  of  the  219,000  tons  of  aluminum  it  purchased 
was  used  to  make  products  output  to  other  industries.  Thus, 
either  there  must  be  a very  large  self-consumption  of 
aluminum  or  a very  large  direct  consumption.  In  nearly  all 
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cases,  self-consumption  is  much  less  than  the  direct  con- 
sumption. Thus,  the  trailer  coach  industry  is  an  example  of 
a large  direct  user  of  aluminum  in  distinction  from  the 
processed  foods  industry,  which  is  a large  indirect  user. 

Rather  than  discuss  this  flow  diagram  further,  let  us  look  at  the 
corresponding  flow  diagram  for  DoD  requirements  for  aluminum.  That  diagram 
is  shown  as  Figure  III-4.  The  units  have  been  changed  from  thousands  of 
tons  to  hundreds  of  tons  in  order  to  maintain  the  same  number  of  significant 
figures  in  the  total  consumption.  Observations  from  this  flow  chart  include: 

1.  Industries  important  for  DoD  final  demand  requirements  are, 
in  many  cases,  the  same  as  those  for  the  United  States. 

Key  exceptions  to  this  are  the  processed  foods  and  trailer 
coach  industries,  which  were  important  for  the  United  States 
but  are  replaced  by  the  communication  equipment  and  ship- 
building industries  for  DoD.  However,  the  ranking  of  the 
common  industries  has  changed.  The  construction  and  motor 
vehicle  industries  are  less  extensive  consumers  of  aluminum 
for  DoD  than  they  are  for  the  entire  nation. 

2.  The  ordnance  industry,  as  expected,  is  the  largest  direct 
and  indirect  user  of  aluminum  for  DoD  final  demand.  A 
major  indirect  input  comes  from  the  aircraft  industry , 

8900  tons  of  aluminum  consumption,  which,  as  shown  in  the 
detailed  computer  output,  is  primarily  for  aircraft  parts 
for  guided  missiles.  Actually,  the  guided  missile  industry 
is  physically  a part  of  the  aircraft  industry,  but  the 
input-output  tables  treated  them  as  separate  industries. 

The  aircraft  industry  is  also  the  major  indirect  output 
from  the  ordnance  industry.  This  output  is  primarily 
ammunition. 

3.  Although  the  new  construction  industry  has  significant 

purchases  of  aluminum  from  the  aluminum  fabricating  indus 
tries,  it  is  shown  as  selling  no  products  to  other  industries, 
input— output  tables  show  new  construction  as  capital 
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FIGURE  m-4  1972  ALUMINUM  CONSUMPTION  BY  THE  DOD 

( Hundred  Short  Tons  ) 


investment  for  industry,  which  is  a sector  of  final  demand. 
Thus,  although  the  new  construction  industry  is  shown  as 
receiving  many  products  from  other  industries,  it  has  no 
product  that  it  sells  to  industry  in  return.  It  sells  only 
to  final  demand.  This  example  illustrates  the  importance 
of  recognizing  the  specific  conventions  of  the  input-output 
tables  when  interpreting  these  estimates.  Thus,  the  main 
purpose  of  these  figures  is  to  raise  questions  and  stimulate 
speculation  that  must  be  pursued  further  before  firm  con- 
clusions can  be  drawn. 

The  other  example  to  be  discussed  is  that  of  petroleum.  Figures 
HI-5  and  111-6  show  the  flow  diagrams  for  U.S.  and  DoD  consumption  of 
petroleum,  respectively.  Looking  at  the  U.S,  consumption  first  (Figure 
HI-5),  we  can  make  some  key  observations. 

1.  The  new  construction  final  demand  has  the  greatest  require- 
ments of  all  final  demand  sectors  for  petroleum.  Almost 
all  of  this  requirement  (nearly  90  percent)  is  indirect,  of 
which  a large  portion,  490  trillion  Btus,  comes  from  the 
motor  freight  transportation  industry.  This  consumption 
represents  the  oil  and  gas  used  by  the  motor  freight  industry 
to  transport  building  materials.  The  largest  indirect 
input  of  petroleum  to  the  construction  industry  from  the 
"other"  industries  category  is  from  the  paving  and  asphalt 
industry,  as  expected.  This  high  level  of  dependence  of 
the  new  construction  industry  on  petroleum  has  not  been 
generally  recognized;  it  is  one  of  the  findings  that 
illustrate  the  usefulness  of  this  methodology, 

2.  The  petroleum  refining  industry  is  both  the  source  industry 
for  the  consumption  shown  here  as  well  as  a key  consuming 
industry.  The  explanation  for  this  is  straightforward. 

The  petroleum  refining  industry  consumes  much  of  its  own 
products  as  fuel.  Thus,  the  consumption  associated  with 
the  outputs  of  the  petroleum  refining  industry  to  other 
industries  represents  the  fuel  consumed  by  the  petroleum 
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refining  indust/y  to  furnish  the  petroleum  products  to 
other  industries.  This  self-consumption  portion  of  the 
indirect  flow  was  not  seen  with  the  aluminum  example. 

Actually,  the  primary  aluminum  industry  consumes  about 
5 percent  of  its  own  products,  and  the  aluminum  rolling 
and  drawing  industry  consumes  about  3 percent  of  its  own 
products,  according  to  the  input-output  tables.  Dr.  Director, 
in  designating  consumption  of  mill  products  and  castings  for 
the  metal  resources,  did  not  count  the  self-consumption  of 
Lhe  metal  fabricating  industries  but  counted  only  the 
material  input  to  the  product  manufacturing  industries. 

The  allocation  of  the  energy  resource  consumption  used  in 
this  study  was  done  by  the  U.S.  Bureau  of  Mines  and  did 
include  the  self-consumption  of  the  material  refining 
industries.  The  self-consumption  is  less  than  10  percent 
and  is  generally  2-5  percent  for  the  materials  considered 
in  this  study;  it  is  therefore  not  an  overriding  factor  in 
the  results  shown.  Nevertheless,  it  is  clearly  important 
enough  to  be  included,  as  the  petroleum  example  indicates. 

3.  The  construction,  processed  foods,  and  trade  industries  are 
similar  in  their  petroleum  requirements  in  that  they  each 
have  very  small  direct  input  requirements  but  large  indirect 
input  requirements  for  petroleum.  They  also  each  sell  nearly 
all  of  their  products  directly  to  final  demand.  The  electric 
utilities,  petroleum  refining,  and  motor  freight  transpor- 
tation industries  are  examples  of  the  other  type.  These 
latter  industries  consume  large  amounts  of  petroleum 
directly  from  the  petroleum  refining  sector  and  use  a major 
share  of  this  consumption  to  furnish  products  to  other  in- 
dustries. Relatively  little  petroleum  consumption  is  re- 
quired to  furnish  their  inputs  from  other  industries,  however 

Turning  finally  to  the  flow  diagram  for  DoD  consumption  of  petro- 
leum, shown  as  Figure  III-6,  we  find  no  surprises.  The  top  final  demands 
for  the  U.S.  consumption  of  petroleum  are  still  important  to  DoD  but  are 
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shifted  down  in  priority  to  be  superseded  by  motor  freight  and  air  trans- 
portation. Ordnance  also  becomes  a major  petroleum  consumer. 

2.  Consumption  Circle  Diagrams 

The  flow  diagrams  present  a considerable  amount  of  detail  on  the 
material  flows  of  the  top  six  industries.  An  approach  that  presents  much 
less  detail  on  more  industries  is  the  more  conventional  circle  diagram. 
Figures  III-7  and  III-8  show  these  diagrams  for  U.S.  and  DoD  consumption 
of  aluminum  and  petroleum,  respectively.  The  consumption  shown  is  that 
presented  in  the  flow  diagrams  as  total  requirements  for  final  demand 
expressed  as  a percentage  of  total  consumption.  The  amount  of  total 
consumption  is  shown  below  each  circle.  The  10  final  demand  sectors 
requiring  the  most  direct  and  indirect  consumption  are  shown  if  they 
require  at  least  2 percent.  The  sectors  are  ordered  around  the  circle 
according  to  the  consumption  amount.  The  advantage  of  this  presentation 
is  that  it  gives  a visual  indication  of  the  relative  magnitude  of  total 
consumption  required  for  each  final  demand  product.  Thus,  in  Figure  III-7, 
the  two  final  demands  of  construction  and  motor  vehicles  are  seen  to 
require  almost  half  of  total  U.S.  consumption  of  aluminum.  Similarly, 
ordnance  and  aircraft  account  for  almost  two-thirds  of  total  consumption 
required  for  DoD.  Petroleum  consumption,  as  shown  in  Figure  I1I-8, 
appears  to  be  more  evenly  spread,  with  no  sector  requiring  more  than  13 
percent  of  the  total. 

The  total  consumption  shown  beneath  the  figures  can  be  used  to 
calculate  the  portion  of  total  U.S.  consumption  required  for  DoD  final 
demand.  This  is  estimated  to  be  about  6 percent  (352/5709)  for  aluminum 
and  4 percent  (746/19,822)  for  petroleum.  It  should  be  borne  in  mind  that 
this  percent  figure  for  petroleum  consumption  refers  only  to  industry 
consumption  and  does  not  include  petroleum  sold  directly  to  final  demand. 
Including  figures  for  petroleum  sold  to  DoD  and  U.S.  final  demand  results 
in  an  estimate  of  5 percent  of  total  U.S.  petroleum  consumption  for  DoD. 
Finally,  the  relative  magnitude  of  material  consumption  of  specific  sectors 
for  U.S.  and  DoD  final  demand  can  be  compared.  Thus,  Figure  III-7  shows 
that  while  aluminum  consumption  for  the  production  of  aircraft  for  U.S. 
final  demand  requires  only  4 percent  of  the  total,  consumption  for  DoD 


38 


FIGURE  m-7.  U.S.  AND  DOD  CONSUMPTION  OF  ALUMINUM  BY  END  USE  (1972) 


FIGURE  m-8.  U.S.  AND  DOD  CONSUMPTION  OF  PETROLEUM  B 
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final  demand  requires  28  percent  of  the  total  DoD  consumption.  Thus, 

DoD  dependence  on  aluminum  for  its  aircraft  production  is  much  greater 
than  that  of  the  United  States  as  a whole.  Similarly,  the  dependence  of 
DoD  on  aluminum  for  its  construction  requirements  is  much  less  than  that 
of  the  United  States  as  a whole. 

3.  Comparisons  of  All  17  Materials 

Many  comparisons  can  be  made  of  the  consumption  characteristics 
of  all  17  materials  from  the  data  provided  in  the  appendix  and  the  addi- 
tional material  computed  but  not  published.  By  way  of  a very  summary 
illustration.  Table  III-2  lists  two  parameters  measured  for  each  material: 
the  percentage  of  total  consumption  that  is  direct,  and  the  DoD  consump- 
tion as  a percentage  of  the  U.S.  consumption.  As  explained  previously, 
direct  consumption  is  the  amount  of  material  that  is  used  by  an  industry 
to  produce  the  output  sold  directly  to  final  demand.  The  remaining  con- 
sumption is  indirect,  which  means  the  amount  of  material  used  to  manufac- 
ture products  that  are  sold  to  another  industry  to  be  incorporated  into 
their  products  before  being  output  to  final  demand.  Direct  consumption 
accounts  for  less  than  half  of  the  consumption  of  most  materials  and 
accounts  for  very  little  of  the  consumption  of  such  materials  as  cobalt, 
tin,  titanium  pigment,  and  galvanizing  zinc.  Thus,  Table  III-2  illustrates 
the  necessity  for  including  indirect  consumption  when  estimating  material 
consumption  requirements. 

The  last  column  of  Table  III-2,  which  shows  DoD  consumption  as 
a percentage  of  U.S.  consumption,  includes  both  direct  and  indirect 
consumption. 

Another  set  of  comparisons  is  shown  in  Tables  III-3  and  III-4, 
in  which  the  percentage  of  U.S.  and  DoD  consumption  of  each  material  is 
shown  for  each  sector.  Only  values  of  1 percent  or  greater  are  shown  in 
order  to  distinguish  the  important  sectors.  The  letter  preceding  each 
number  designates  the  type  of  consumption  that  is  at  or  above  1 percent  for 
that  sector.  Thus,  for  example,  the  letter  "I"  designates  the  material 
consumed  by  that  industry  alone  to  support  production  of  all  final  demands. 
This  is  the  consumption  labeled  "raw  material  input"  in  Figure  III-l.  The 
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Table  III-2 

CONSUMPTION  PERCENTAGES  FOR  17  MATERIALS 
(1972) 


Material 


Percentage  of 
Consumption 
that  is  Direct 


DoD  Consumption  as 
a Percentage 
of  U.S.  Total 


U.S. 

DoD 

Aluminum 

37% 

53% 

Chromium 

31 

42 

Coal 

35 

18 

Cobalt 

12 

11 

Copper 

42 

46 

Lead 

48 

64 

Natural  gas 

39 

32 

Nickel 

43 

57 

Petroleum 

37 

45 

Platinum 

31 

36 

Silver 

42 

31 

Tin 

4 

4 

Titanium  metal 

67 

72 

Titanium  pigment 

15 

8 

Tungsten 

34 

34 

Zinc  castings 

68 

69 

Zinc  galvanizing 

22 
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letter  "FM  designates  the  material  consumed  by  all  industries  .o  produce 
the  final  demand  from  that  sec  cor. 


If  both  types  of  consumption  are  at  or  above  1 percent,  then 
only  the  higher  consumption  is  shown.  This  is  the  consumption  labeled 
"final  demand"  in  Figure  111-1.  The  letter  "B"  indicates  that  both  types 
of  consumption  are  equal  within  1 percent. 


The  usefulness  of  these  two  tables  lies  in  the  provision  of 
visual  recognition  of  the  sectors  that  are  important  contributors  to  U.S. 
or  DoD  consumption  for  many  or  all  of  the  materials.  Thus,  sector  15, 
new  construction,  and  sector  105,  motor  vehicles,  account  for  a significant 
degree  of  U.S.  consumption  for  almost  all  the  17  materials.  Sectors  18-21, 
the  ordnance  sectors,  and  sectors  106-109,  the  aircraft  sectors,  are 
significant  consumers  for  DoD  for  all  the  materials.  Sectors  that  are 
important  for  individual  materials  can  also  be  easily  identified.  Thus, 
industrial  chemicals,  sector  37,  requires  42  percent  of  U.S.  platinum 
consumption  ind  27  percent  of  cobalt.  An  example  of  DoD  consumption  is 
that  63  percent  of  the  metallic  titanium  is  used  for  aircraft  and  missile 
engines,  sector  107. 
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IV  THE  ECONOMIC  IMPACTS  OF  MATERIAL  AND  ENERGY  RESOURCE  SHORTAGES 


A.  Introduction 

In  Section  III  an  approach  to  understanding  and  characterizing  the 
flow  of  materials  through  the  economy  was  presented.  This  material  flow 
approach  has  been  applied  to  show  how  material  requirements  are  met  by 
industrial  sectors  supplying  products  to  both  DoD  and  civilian  final 
demand.  For  many  planning  purposes,  the  materials  flow  information  is 
directly  useful  in  the  form  presented  in  Section  III.  The  objective  of 
the  work  described  in  the  present  section  is  to  extend  the  usefulness  of 
the  material  flow  information  by  developing  an  approach  that  defines  and 
clarifies  economic  problems  associated  with  possible  resource  shortages. 

The  objectives  of  the  research  were  to  determine  and  analyze 

• the  effects  of  specific  resource  shortages  on  GNP  and  the 
relative  sensitivity  of  GNP  to  shortages  of  different  resources 

• the  effect  on  GNP  of  reducing  both  civilian  and  DoD  final  demand 
for  the  outputs  of  specific  industrial  sectors  during  resource 
shortages 

• the  effects  on  GNP  of  a simultaneous  shortage  of  more  than  one 
resource 

• the  effects  of  possible  shortages  on  DoD  needs  for  materials  and 
energy  resources. 

Within  the  limitations  of  the  analysis,  the  results  of  the  study  should 
be  useful  to  the  DoD  in  its  planning  efforts  as  they  relate  to  potential 
future  shortages.  For  DoD  to  best  address  material  shortage  issues,  it 
is  first  essential  that  the  impacts  of  shortages  on  the  economy  be  under- 
stood. General  economic  analysis  is  needed  for  the  DoD  to  better  evaluate 
(1)  measures,  such  as  stockpiling  policies,  that  will  best  protect  defense 
supplies  in  the  event  of  shortages,  (2)  ways  in  which  the  Defense  Produc- 
tion Act  can  be  applied  during  a shortage  so  that  its  adverse  impacts  on 
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the  economy  can  be  minimized,  (3)  measures  that  can  be  applied  to  reduce 
the  defense  final  demand  for  specific  products  so  as  to  lessen  adverse 
economic  impacts  during  a shortage,  and  (A)  the  likelihood  that  industrial 
sectors  of  the  economy  that  supply  DoD  with  important  products  will  be 
affected  by  a given  resource  shortage.  The  general  point  is  that  DoD  can 
most  effectively  anticipate  the  impacts  of  shortages  if  it  has  addressed 
issues  relating  both  to  its  own  use  of  material  and  energy  resources  and 
to  the  interactions  between  its  uses  and  those  of  the  civilian  economy, 
or.  which  DoD  is  dependent. 

B . Method  of  Approach : Conceptual  Overview 

Figure  I V— 1 presents  an  overview  of  the  methodology  used  in  address- 
ing economic  impacts  of  resource  shortages.  Each  of  the  elements  of  the 
analysis  is  indicated  in  the  boxes  in  the  figure,  which  are  numbered  from 
one  to  eight. 

The  problem  is  formulated  as  a series  of  linear  equations  subject  to 
linear  constraints.  The  linear  program  formulation  allows  us  to  determine 
the  minimum  or  maximum  of  a given  quantity,  called  the  objective  function, 
consistent  witli  the  constraints  that  serve  to  define  important  aspects  of 
the  problem.  The  objective  function  is  gross  national  product,  as  indi- 
cated in  element  6 of  Figure  I V— 1 . The  constraints  include  the  relation- 
ships describing  material  flows  through  150  sectors  of  the  economy  (ele- 
ments 1 ind  2);  the  magnitude  of  the  shortage  for  the  given  computer  run, 
which  is  the  key  variable  whose  impacts  are  investigated  in  the  analysis 
(element  5);  the  capacity  constraints,  which  specify  the  maximum  output  of 
each  of  the  150  industrial  sectors  (element  3);  and  the  final  demand  con- 
straints, which  specify  the  minimur,.  final  demand  for  the  outputs  of  the 
150  industrial  sectors  (element  A).  The  output  of  the  calculation  is 
the  sensitivity  of  GNP  to  the  resource  shortage  and  the  impacts  of  the 
shortage  on  each  of  the  industrial  sectors  (elements  7 and  P). 

Although  the  mathematical  formulation  of  the  problem  and  the  estab- 
lishment of  the  data  base,  explained  in  the  next  part,  are  somewhat  com- 
plicated, the  functioning  of  the  model  is  straightforward.  The  information 
in  elements  1 and  2 of  Figure  IV-1,  used  in  Section  III  to  generate 
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material  flow  diagrams  (such  as  shown  in  Figures  1 1 1—3  through  1 1 1 — 6 ) , 
specifies  the  relationships  among  material  flows,  final  demand,  and  indus- 
trial output  of  the  150  industrial  sectors  in  the  absence  of  a resource 
shortage.  This  relationship  translates  a given  level  of  final  demand  for 
the  products  of  150  industrial  sectors  into  the  gross  outputs  of  the 
industrial  sectors  (using  the  input-output  table),  which  are  then  con- 
verted into  material  requirements.  During  a resource  shortage,  we  assume 
that  the  same  relationships  apply;  what  changes  are  the  final  demands, 
since  not  enough  material  is  available  during  a shortage  to  fulfill  the 
base  case  final  demand.  The  linear  program  routine  calculates  a new  set 
of  final  denftinds  that  would  maximize  GNP  during  the  shortage  (or  equiva- 
lently, minimize  the  reduction  in  GNP).  By  determining  the  new  set  of 
final  demands  for  the  output  of  the  industrial  sectors  during  the  resource 
shortage,  the  linear  program  solution  calculates  the  resource  requirements 
during  the  shortage  (since  resource  requirements  and  final  demand  are 
related  by  the  input-output  table). 

In  short,  the  linear  program  approach  consists  of  the  following 
elements : 

1.  The  specification  of  the  shortage  case  to  be  analyzed,  in 
terms  of  the  resource  of  resources  in  short  supply  and  the 
amount  of  the  shortage  (element  5 in  Figure  III-l). 

2.  The  specification  of  linear  constraints: 

a.  Relationships  between  final  demand,  gross  output,  and 
material  consumption  of  150  industrial  sectors  (ele- 
ments 1 and  2). 

b.  Maximum  industrial  gross  outputs  (element  3)  and  minimum 
final  demand  (element  4)  for  the  products  of  the  indus- 
trial sectors. 


As  discussed  in  Section  III,  final  demand  is  that  part  of  the  output  of 
an  industrial  sector  that  is  purchased  by  the  consumer;  gross  outout  in- 
cludes also  the  output  that  is  purchased  by  other  industrial  sectors 
(to  fulfill  what  is  termed  intermediate  demand). 
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The  selection  and  maximization  of  an  objective  function  (GNP 
as  shown  in  Element  6)  subject  to  the  linear  constraints. 

The  results  of  the  calculation,  analyzed  in  terms  of  the  effects 
of  the  different  shortages  on  GNP  and  on  the  output  of  the 
industrial  sectors  (elements  7 and  8) ; the  results  are  also 
analyzed  in  terms  of  the  effects  on  GNP  of  reducing  the  final 
demand  for  specified  outputs  below  the  levels  set  by  the 
minimum  final  demand  constraints. 


C.  Method  of  Approach:  Mathematical  Formulation  of  the  Resource 


Shortage  Model  and  Determination  of  Constraints 


1.  Model  Formulation 

The  equations  and  inequalities  that  describe  the  linear  program- 
ming model  are  shown  in  Table  IV-1  below. 


Table  IV-1 

MATHEMATICAL  FORMULATION  OF  MATERIAL  AND 
ENERGY  RESOURCE  SHORTAGE  MODEL 


Equation 

Description 

V ’ X = GNP 

(I  - A).X  > Y 

■*  min 

M * X < M 

— tot 

X < X 
- max 

Objective  function  to  be  maximized  (1) 
Minimum  final  demand  constraints  (2) 
Material  supply  constraints  (3) 
Industry  output  capacity  constraints  (4) 

The  symbols  used  in  Table  IV-1  are  defined  as  follows: 

V = value  added  per  unit  output  (150-component  vector 

in  $/$) 

X = gross  industrial  output  (150-component  vector  in  $) 

Y = final  demand  (150-component  vector  in  $) 

A = interindustry  direct  coefficients  (150  x 150  matrix 
in  $/$) 
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M = material  consumed  per  unit  output  (one  150-component 
vector  for  each  material  in  quantity  of  material  /$). 

Using  the  equations  and  inequalities  given  in  Table  IV-1,  we 
can  describe  how  the  material  and  energy  resource  model  works  more  con- 
cisely. The  parameter  M , which  is  the  amount  of  a material  available 

tot 

for  consumption,  is  chosen  to  describe  the  shortage  case  of  interest. 

Since  the  vector  M,  the  material  consumed  per  unit  output  of  the  industrial 
sectors,  is  constant,  the  inequality  constraint  (3)  requires  that  the 
gross  outputs  of  the  industrial  sectors  must  change  in  response  to  the 
reduced  availability  of  the  resource.  Equation  (1)  specifies  that  this 
adjustment  in  the  industrial  gross  outputs  be  accomplished  so  as  to  maxi- 
mize GNP.  Since  GNP  is  the  sum  of  value  added  terms  for  all  industrial 
sectors,  equation  (1)  and  inequality  (3)  attempt  to  maximize  thi  gross 
outputs  of  those  industrial  sectors  whose  use  of  the  scarce  resource  most 
increases  the  value  added  (i.e.,  those  sectors  for  which  the  quantity 
V/M,  value  added  per  unit  amount  of  material  consumed,  is  highest) . Simi- 
larly, for  those  industrial  sectors  with  a small  value  added  per  unit  of 
material,  equation  (1)  and  constraint  (3)  attempt  to  reduce  the  gross  out- 
puts to  minimum  values. 

In  the  absence  of  additional  inequality  constraints  (2)  and  (4), 
the  gross  output  of  the  sector  with  the  highest  value  added  per  material 
consumed  would  go  as  high  as  possible  (i.e.,  it  would  take  on  a value  of 
Mtot/M.  which  would  enable  this  one  sector  to  consume  all  of  the  available 
material).  Of  course,  even  if  the  output  of  just  one  industrial  sector 
could  grow  so  rapidly  as  this,  such  a solution  is  clearly  impossible  as  it 
it  implies  that  all  other  sectors  that  require  the  material  in  short 
supply  have  reduced  their  output  to  zero.  The  constraint  inequalities 
(2)  and  (4)  introduce  minimum  bounds  on  final  demand  and  maximum  bounds 
on  gross  output,  as  well  as  specify  the  dependencies  of  an  industry  on  the 
outputs  of  other  industries  in  order  for  the  economy  to  function.  Thus, 
the  final  demand,  gross  output,  and  dollar  and  material  flow  constraints 
are  needed  to  insure  that  the  solution  of  the  problem  is  consistent  with 
reasonable  requirements  and  capabilities  of  the  U.S.  economy.  In  the 
following  paragraphs  we  describe  how  these  constraints  have  been  set. 


55 


2 . Establishing  the  Upper  Bounds  on  Gross  Output  and  the  Lower 

Bounds  on  Final  Demand 

There  is  no  obvious  or  established  procedure  for  setting  the 
upper  bounds  on  gross  output  or  the  lower  bounds  on  fina-  demand.  The 
upper  bounds  on  gross  output  represent  the  amount  by  which  an  industry  can 
increase  its  output  within  a time  frame  of  one  year.  Since  most  indus- 
tries cannot  build  new  capital  facilities  within  this  period  of  time,  the 
increase  in  output  is  primarily  determined  by  the  fraction  of  total  capa- 
city available  to  the  industry  that  was  used  in  the  base  year.  We  have 
used  capacity  utilization  ratios  compiled  in  reference  7 as  the  source  of 
our  maximum  capacity  constraints.  The  results  of  the  calculation  were 
independent  of  these  capacity  constraints,  since  no  outputs  were  at  the 
upper  bounds  during  a severe  materials  shortage.  As  a result,  the  selec- 
tion of  the  maximum  capacity  constraints  was  not  critical  for  the  calcu- 
lations that  we  have  performed. 

The  selection  of  final  demand  constraints,  on  the  other  hand, 
has  a significant  influence  on  the  results  of  the  calculation.  The  linear 
program  routine  without  minimum  final  demand  constraints  attempts  to 
maximize  GNP  by  reducing  final  demand  for  products  whose  production  contri- 
butes least  to  GNP  per  unit  of  scarce  material  required  to  manufacture 
them.  As  a result,  the  methodology  tends  to  reduce  final  demand  to  zero 
for  the  output  of  some  or  many  industries  in  the  absence  of  minimum  bounds 
on  final  demand.  As  noted  earlier,  such  a solution  to  the  problem  of 
reducing  the  effect  of  the  shortage  on  GNP  is  unrealistic  since  it  implies 
that  the  industries  most  affected  by  the  shortage  would  be  put  in  serious 
jeopardy,  causing  severe  economic  disruption,  unemployment,  and  so  forth. 

As  a case  in  point,  suppose  that  a shortage  of  aluminum  occurred 
and  the  packaging  industry,  which  requires  a large  quantity  of  aluminum 
for  cans,  was  adversely  impacted  during  the  period  of  shortage.  In  a 
calculation  without  minimum  final  demand  constraints,  the  packaging 
industry  would  be  likely  to  feel  the  impacts  of  the  shortage  considerably 
more  than  other  industrial  sectors,  since  one  unit  of  aluminum  allocated 
to  this  industry  contributes  less  to  GNP  than  the  same  unit  allocated  to 
many  other  industrial  sectors.  At  some  point,  however,  both  the  consumer, 
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whc  is  used  to  purchasing  products  in  aluminum  cans  produced  by  the  pack- 
aging sector,  and  the  packaging  industry  output  would  be  sufficiently 
affected  by  the  shortage  that  some  minimum  demand  would  not  be  satisfied. 
For  the  packaging  industry,  this  minimum  demand  is  defined  by  its  histori- 
cal pattern  of  output  and  by  an  adequate  level  of  sales  to  avoid  going 
out  of  business  or  undergoing  massive  layoffs.  For  the  consumer,  this 
minimum  final  demand  level  is  not  so  easily  defined,  but  it  is  related  in 
some  mani.er  to  the  historical  level  of  purchases  of  industrial  products 
to  which  the  consumer  has  become  accustomed. 

A set  of  self-consistent  minimum  final  demand  constraints  could 
possibly  be  derived  by  an  extensive  and  detailed  examination  of  the  pro- 
duction histories  of  and  consumer  behavior  toward  the  products  of  the 
industrial  sectors.  In  the  absence  of  such  knowledge,  we  have  chosen  to 
use  historical  demand  patterns  for  the  outputs  of  the  industrial  sectors 
as  a basis  for  establishing  the  final  demand  constraints.  The  procedure 
that  we  folloved  was  to  plot  the  final  demand  for  industry  outputs  for  the 
years  1958-1972.  This  information  is  available  from  reference  8.  A 
linear  least  squares  line  was  fitted  to  the  data,  and  lines  were  dravm 
parallel  to  this  in  increments  of  1 standard  deviation  from  the  least 
square  fit. 

Figures  1V-2  and  IV-3  illustrate  the  procedure  for  establishing 
the  lower  bounds  on  final  demand  for  the  outputs  of  industrial  sector  55, 
electric  lighting  and  wiring,  and  sector  56,  radio,  television,  and  com- 
munications equipment.  The  final  demand  constraints  4.5  and  5.5  standard 
deviations  below  the  least  squares  fit  are  shown.  A comparison  of 
Figures  IV-2  and  IV-3  provides  an  explanation  of  the  rationale  for  the 
procedure  we  have  used  to  establish  minimum  final  demand  constraints.  The 
demand  for  electric  lighting  and  wiring,  a necessity  to  the  construction 
industry,  does  not  deviate  greatly  from  the  least  squares  line.  As  such, 
the  minimum  final  demand,  at  5 standard  deviations  below  the  line,  is 
approximately  80  percent  of  the  final  demand  for  the  base  year,  1972.  The 
demand  for  radios,  televisions,  and  communications  equipment,  many  of  which 
are  luxury  items,  exhibits  a high  degree  of  variation  from  the  least 
squares  fit.  As  a result,  the  minimum  final  demand  for  1972  is  only  about 
30  percent  ol  the  base  year,  1972,  at  5 standard  deviations  below  the  line. 
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FIGURE  IV- 3.  MINIMUM  FINAL  DEMAND  CONSTRAINTS  FOR  SECTOR  97 
--  RADIO,  TV,  COMMUNICATIONS  EQUIPMENT 


The  foregoing  discussion  thus  establishes  a procedure  for 
approximating  the  minimum  final  demand  constraints  for  the  different 
sector  outputs  as  a function  of  the  number  of  standard  deviations  removed 
from  the  least  squares  fit  of  the  historical  data.  The  question  then 
arises  as  to  how  many  standard  deviations  should  be  chosen  to  determine 
a reasonable  solution  to  the  allocation  problem  during  a shortage.  As 
indicated  later,  we  have  chosen  to  use  5 standard  deviations,  as  this 
number  provides  the  best  fit  between  the  results  of  the  petroleum  shortage 
calculation  and  the  data  gathered  during  the  Arab  oil  embargo  of  1973-74. 
There  is  some  uncertainty  in  the  determination  of  this  parameter,  since 
the  economic  impacts  of  the  embargo  may  provide  somewhat  low  estimates 
of  the  economic  impacts  of  the  embargo.  However,  analysis  of  the  results 
has  shown  that  the  relative  degree  to  which  industries  are  affected  by  a 
shortage  is  generally  independent  of  the  final  demand  constraints,  so  long 
as  they  are  set  in  the  consistent  way  outlined  above.  That  is,  the  rela- 
tive economic  impacts  for  the  set  of  final  demand  constraints  2 standard 
deviations  below  the  least  squares  line  of  the  final  demand  for  products 
of  all  industrial  sectors  are  qualitatively  the  same  as  the  relative 
impacts  for  the  case  in  which  the  final  demand  constraints  are  5 standard 
deviations  below  the  line.  The  absolute  effect  (i.e.,  GNP  reduction  as 
a function  of  the  percentage  shortage  of  a given  material)  does  vary  with 
the  "tightness"  or  "looseness"  of  the  final  demand  constraints.  However, 
the  relative  impacts  of  shortages  of  different  materials  on  the  key  indus- 
trial sectors  are  invariant  to  the  final  demand  constraint  selection,  if 
they  are  set  in  the  manner  described.  These  considerations  are  extremely 
important  in  the  interpretation  of  the  range  of  validity  of  the  results  of 
the  model  calculation. 

D.  Assumptions  and  Approximations  of  the  Material  and  Energy  Resource 

Shortage  Model 

As  for  all  model  calculations,  we  have  had  to  make  several  assumptions 
and  approximations  to  achieve  results.  This  section  summarizes  these 
assumptions  and  approximations. 
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1. 


Data  Limitations 


fe, 


The  model  has  been  applied  to  17  material  and  energy  resources. 
This  set  of  resources  was  chosen  because  of  the  availability  of  resource 
consumption  data  by  different  industries.  In  principle,  the  analysis 
could  be  extended  to  other  materials  for  which  consumption  estimates  by 
industry  have  been  compiled  by  the  U.S  Bureau  of  Mines.  In  practice, 
however,  the  consumption  estimates  are  not  sufficiently  disaggregated  for 
use  in  the  model.  Thus,  more  detailed  information  about  the  consumption 
of  resources  by  industrial  sector  would  extend  the  usefulness  of  the 
resource  shortage  model. 


2 . Material  Substitutions 

Substitution  of  materials  is  not  explicitly  treated  in  the  model. 
Because  the  model  is  meant  to  be  applied  only  to  a shortage  of  limited 
duration,  the  material  substitutions  are  not  expected  to  affect  the 
shortage  impacts  significantly  for  most  cases.  Even  for  short-term  short- 
ages, substitution  is  likely  to  become  increasingly  important  as  the  eco- 
nomic impacts  become  severe.  Inclusion  of  material  substitution  effects 
would  both  improve  the  correspondence  of  the  model  calculation  to  economic 
reality  and  extend  its  usefulness  in  treating  longer  term  effects  of 
shortages. 

3.  Projections 

Currently  the  model  has  been  applied  to  the  base  year  of  1972. 

It  would  be  useful  to  extend  the  methodology  so  that  some  projective 
capabilities  are  achieved.  A limitation  of  the  projective  work  is  due  to 
the  static  nature  of  the  input-output  coefficients.  Inasmuch  as  the  input- 
output  table  is  required  by  the  methodology,  it  is  unlikely  that  projec- 
tive work  further  than  10  years  in  the  future  can  be  achieved. 


n 

Mr.  Emil  Romagnoli  of  the  Department  of  Commerce  has  indicated  that  the 
Department  of  Commerce  will  undertake  such  a data  gathering  task  in  the 
near  future. 


4. 


Value  Added 


In  calculating  GNP  as  the  sum  of  value  added  contributions  of 
the  industrial  sectors,  average  value  added  terms  from  the  input-output 
table  were  used.  In  the  event  of  a shortage,  the  value  added  of  some 
industrial  sectors  may  be  different  from  this  average  term.  In  principle, 
a marginal  value  added  term  might  be  appropriate  to  characterize  the  con- 
tribution of  industrial  sectors  to  GNP.  However,  obtaining  information 
about  marginal  value  added  terms  for  industrial  sectors  would  be  very 
difficult.  A useful  compromise  would  be  to  choose  sectors  for  which  the 
marginal  and  average  value  added  terms  are  likely  to  be  different  and  per- 
form sensitivity  calculations  on  estimates  of  the  marginal  value  added 
terms . 


5.  Objective  Function 

The  choice  of  GNP  as  the  objective  function  to  be  maximized 
during  a shortage  has  advantages  and  disadvantages.  A shortage  occurring 
in  a free  market  economy  will  cause  the  price  of  the  material  in  short 
supply  to  rise  until  supply  and  demand  are  equal.  This  means  that  the 
market  allocates  the  material  preferentially  to  those  industries  that  can 
afford  to  pay  the  higher  price.  Industries  are  able  to  pay  a higher  price 
in  proportion  to  the  contribution  that  the  material  makes  to  the  output 
of  the  industry.  For  example,  if  one  unit  of  aluminum  is  needed  to  pro- 
duce $2  of  output  of  industry  A and  $20  of  output  of  industry  B,  it  is 
evident  that  industry  B can  better  afford  the  higher-priced  aluminum. 
Maximizing  GNP  has  the  effect  of  allocating  the  material  in  short  supply 
to  the  industries  that  profit  most  by  consuming  the  material.  Thus,  the 
choice  of  GNP  as  the  objective  function  is  a reasonable  way  of  simulating 
the  effect  of  a shortage. 

The  disadvantage  of  the  approach  is  that  it  is  only  an  approxi- 
mation to  the  market  allocation  ot  scarce  resources.  More  precise  quanti- 
tative results  might  be  obtained  by  a model  which  explicitly  considers  the 
price  mechanism  for  allocating  scarce  resources  in  a shortage  situation. 
Our  current  plans  for  extending  the  model  development  envisage  a change 
in  the  objective  function  to  directly  tike  account  of  price  and  market 
fo  rces . 
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Results 


We  follow  the  approach  of  Section  III  in  using  the  cases  of 
aluminum  and  petroleum  to  illustrate  the  results  of  the  model  calculation. 
First,  a detailed  discussion  of  the  economic  impacts  of  a petroleum  short- 
age is  presented,  in  which  the  results  of  the  model  calculation  are  com- 
pared with  data  obtained  during  the  1973-74  OPEC  oil  embargo.  The  analy- 
sis of  a petroleum  shortage  is  used  to  indicate  the  strengths  and  weak- 
nesses of  the  linear  programming  approach  for  treating  the  resource  shortage 
problem.  Then  the  economic  impacts  of  an  aluminum  shortage  are  analyzed. 
Results  for  aluminum  are  compared  with  those  for  petroleum,  and  some 
general  conclusions  are  drawn.  Finally,  results  for  15  other  material 
and  energy  resources  are  presented  and  analyzed. 

1 • Sensitivity  of  GNP  to  a Petroleum  Shortage 

The  methodology  for  setting  the  final  demand  constraints,  which 
requires  that  we  determine  one  paramter  (called  k)  specifying  the  number 
of  standard  deviations  below  the  least  squares  fit  of  the  historical  final 
demand  data,  is  used  to  set  the  lower  bounds  on  final  demand.  Figure  IV-4 
shows  the  percentage  reduction  in  GNP  as  a function  of  the  percentage 
shortage  of  petroleum  for  values  of  k ranging  from  2 to  6 in  integer 
steps.  These  results  have  been  obtained  using  a 37-sector  input-output 
table,  described  in  part  A of  the  appendix.  The  final  demand  vector  and 
resource  consumption  estimates  were  for  1972.  All  dollars  were  constant 
1967  dollars.  Although  the  shapes  of  the  curves  are  similar  for  all  k, 
the  magnitude  of  the  reduction  in  GNP  increases  substantially  as  the  value 
of  the  parameter  k is  reduced.  Qualitatively,  this  is  as  we  would  expect: 
as  k declines,  the  final  demand  constraints  were  made  "tighter"  and  the 
linear  programming  maximization  of  GNP  has  less  freedom  to  reduce  the 
final  demand  of  sectors  whose  output  contributes  relatively  little  to 
GNP.  Quantitatively,  the  effect  of  varying  k on  the  reduction  in  GNP  is 


Calculations  were  also  performed  on  the  150-sector  input-output  table; 
good  agreement  between  the  37-sector  and  the  150-sector  results  for 
petroleum  was  achieved. 
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FIGURE  IV-4.  REDUCTION  IN  GNP  AS  A FUNCTION  OF  THE  MAGNITUDE  OF  A PETROLEUM 
SHORTAGE  FOR  DIFFERENT  FINAL  DEMAND  CONSTRAINTS 


significant:  at  k = 3,  the  model  estimates  that  a 10  percent  petroleum 

shortage  is  responsible  for  a decline  in  GNP  of  8 percent;  at  k = 6,  the 
same  10  percent  petroleum  shortage  causes  GNP  to  decline  only  2 percent. 

To  choose  a value  of  the  parameter  k for  use  in  our  calculations, 
we  have  shown  on  Figure  IV-4  a point  corresponding  to  the  estimated 
effect  of  the  1973-74  OPEC  oil  embargo.  Reference  9,  which  summarizes 
the  economic  data  collected  during  the  embargo,  has  estimated  that  a 
15.7  percent  shortage  caused  real  GNP  to  decline  8.5  percent.  We  regard 
this  figure  as  a lower  bound  estimate  of  the  effect  of  the  shortage  on 
GNP  as  the  base  case  GNP  for  this  period  may  have  been  underestimated  in 
the  absence  of  the  petroleum  shortage.  As  a result,  we  have  chosen  k = 5 
for  the  material  and  energy  shortage  calculations. 

The  uncertainty  in  the  appropriate  choice  of  k should  be  recog- 
nized. Data  analysis  of  some  past  shortages  could  perhaps  improve  the 
estimate.  However,  the  purpose  of  the  calculation  is  to  illustrate  the 
relative  impacts  of  a range  of  shortages  and  to  show  that  these  relative  im- 
pacts are  unchanged  as  k clw  nges  within  reasonable  bounds.  It  would  be  in- 
appropriate to  use  these  calculations  as  precise  quantitative  measures  of 
the  dollar  costs  of  resource  shortages.  For  this  reason,  we  illustrate  the 
impact  of  petroleum  and  aluminum  shortages  on  GNP  in  Figure  IV-6  for 
K = 4.5  and  k = 5.5,  thus  showing  uncertainty  in  the  estimated  economic 
effects  of  the  shortages.  We  emphasize  again  that  the  primary  utility  of 
these  calculations  is  for  purposes  of  comparing  the  relative  impacts  of 
different  shortages  and  also  for  indicating  the  industrial  sectors  for 
which  a reduction  in  final  demand  will  minimize  adverse  economic  impacts 
of  a given  shortage.  We  turn  now  to  this  latter  point. 


As  indicated  previously,  the  quantitative  results  were  independent  of 
the  choice  of  k;  that  is  (1)  the  economic  effects  of  different  resource 
shortages  relative  to  one  another  are  generally  independent  of  the  value 
of  k,  and  (2)  the  effect  on  GNP  of  decreasing  final  demand  for  the 
products  of  a given  industrial  sector  relative  to  that  of  another  in- 
dustrial sector  is  generally  independent  of  the  value  of  k. 
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2 . Reducing  Final  Demand  During  a Petroleum  Shortage:  An 

Interpretation  of  Shadow  Prices 

a . Definition  of  Shadow  Price 

The  shadow  price  of  a variable  in  a linear  programming  cal- 
culation is  the  dollar  increase  in  the  objective  function  per  unit  increase 
in  the  variable.  Shadow  prices  are  obtained  only  for  those  variables 
associated  with  binding  constraints.  The  significance  of  the  shadow  price 
and  the  meaning  of  the  term  "binding  constraint"  can  best  be  understood 
by  referring  to  the  system  of  inequalities  and  equations  describing  the 
shortage  calculation  given  in  Table  IV-1.  Those  inequalities  among  the 
three  sets— (I  - A)*X>  Ymln,  M*X<Mtot,  and  for  which  the  equality 

condition  holds  are  said  to  be  binding.  We  have  already  indicated  that 
the  separate  elements  of  the  gross  output  vector  X are  almost  always  less 
than  the  capacity  constraints,  X . Thus  we  generally  obtain  no  shadow 
prices  for  the  gross  outputs.  However,  the  inequalities  for  many  of  the 
final  demand  sectors  are  at  lower  bounds,  as  is  the  inequality  for  the 
resource  in  short  supply. 

To  illustrate  the  meaning  of  the  final  demand  shadow  price, 
consider  a hypothetical  case  of  a three-industrial  sector  economy  in  which 
the  final  demands  for  the  products  of  two  of  the  three  industries  are  at 
their  minimum  constraining  value.  Let  industry  A and  industry  B have  shadow 
prices  of  15  and  3 respectively.  This  means  that  reduction  of  final 
demand  for  the  products  of  industry  A reduces  GNP  losses  by  $15  for  every 
$1  of  petroleum  that  is  reallocated  to  other  uses.  Reduction  of  final  de- 
mand for  products  of  industry  B may  also  produce  favorable  economic  impacts 
but  not  nearly  so  much  as  the  reduction  of  final  demand  for  products  of 
industry  A.  Thus,  the  sectors  that  have  the  highest  shadow  prices  for 
final  demand  are  those  for  which  final  demand  reductions  will  most  effec- 
tively minimize  the  adverse  effects  on  GNP  at  the  margin  (i.e.,  after 
final  demand  has  already  been  reduced  to  its  constraining  value). 
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b . Shadow  Prices  for  Final  Demand  Sectors  during  a 

Petroleum  Shortage 

The  interpretation  of  the  shadow  prices  obtained  for  petro- 
leum shortages  consists  of  three  parts:  methodology,  general  economic 

implications,  and  relevance  to  DoD  planning. 

The  results  are  shown  in  Table  IV-2,  in  which  the  final 
demand  sectors  and  their  shadow  prices  are  presented  for  petroleum  shortages 
of  25  percent,  18  percent,  15  percent,  and  10  percent,  in  order  of  declin- 
ing shadow  prices.  The  calculation  was  done  using  the  37-sector  input- 
output  table  for  1967  with  k = 5.  The  final  demand  vector  was  for  1972. 

Note  that: 

• as  the  shortage  becomes  greater,  the  shadow  price  of 
a given  final  demand  sector  increases,  and 

• the  ordering  of  the  final  demand  sectors  in  decreasing 
magnitude  of  the  shadow  prices  is  unchanged  from  a 

10  percent  to  a 25  percent  shortage  of  petroleum. 

The  first  observation  is  expected — an  increasing  petroleum 
shortage  causes  increasing  shortages  in  industries  whose  use  of  petroleum 
contributes  significantly  to  GNP . Thus,  as  the  degree  of  shortage  intensi- 
fies, the  dollar  loss  in  GNP  per  unit  of  additional  shortage  increases. 

It  is  for  this  reason  that  shadow  prices  increase  at  greater  shortages. 

The  second  observation  derives  from  the  fact  that  the 
relative  contribution  of  each  sector  to  GNP  through  its  use  of  petroleum, 
measured  by  value  added  per  unit  of  petroleum  consumption,  is  independent 
of  the  level  of  shortage.  An  important  third  observation  is  that  the 
ordering  of  the  final  demand  sectors  by  shadow  prices  is  unchanged  as  the 
value  of  k varies  between  6 and  2.  This  shows  that  the  general  interpre- 
tation of  the  shadow  price  results  are  not  strongly  sensitive  to  our  choice 
of  the  parameter  k. 

The  general  economic  interpretation  that  we  give  to  the 
shadow  prices  shown  in  Table  IV— 3 for  petroleum  (in  lable  IV— 4 for  alumi- 
num and  in  the  appendix  for  the  other  material  and  energy  resources)  is  that 
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Table  IV-2 


SECTORS  WHOSE  FINAL  DEMAND  EXHIBITS  THE  HIGHEST  SHADOW 
PRICES  DURING  PETROLEUM  SHORTAGES* 


Sector 

Shadow  Price  for  a 
Petroleum  Shortage  of 

Number 

| 

Name 

24% 

| 18% 

15% 

1 10% 

16 

Paving  and  asphalt  materials 

119 

80 

— 

69 

i 33 

32 

Electric  utilities 

18 

1 

12 

5 

4 

12 

Industrial,  agricultural,  and 
miscellaneous  chemical 
products 

15 

10 

6 

4 

29 

Transportation  services, 
communication , and  water 

13 

8 

7 

3 

15 

Petroleum  refining 

11 

7 

6 

3 

30 

Pipeline  transportation 

10 

6 

5 

2 

31 

Local  passenger  and  other 
transportation 

10 

6 

5 

2 

14 

Paints  and  allied  products 

6 

* 

2 

1 

13 

Plastic,  rubber,  and 
cellulose 

5 

3 

L. 

2 

1 

^Calculation  performed  on  37-sector  input  -output  table;  minimum  final 
demand  parameter  k = 5. 
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Table  IV- 3 


SECTORS  WHOSE  FINAL  DEMAND  EXHIBITS  THE  HIGHEST  SHADOW 
PRICES  DURING  ALUMINUM  SHORTAGES* 


Sector 

Shadow  Price  for  an 
Aluminum  Shortage  of 

Number 

Name 

302 

202 

19 

Fabricated  metal  products 

43 

2 

27 

Transportat ion  equipment 

30 

2 

9 

Ordnance 

18 

i 

23 

Transformers , switchgear, 
and  electric  lighting 

1 7 

i 

25 

Trucks,  buses,  motor 
vehicles,  and  carts 

16 

i 

26 

Aircraft,  including  missiles 

14 

<.5 

22 

Computers,  office  and  other 
service  machinery 

13 

<.5 

Calculation  performed  on  37-sector  input-output  table;  minimum 
final  demand  parameter  k = 5. 
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• in  the  event  of  a shortage,  demand  is  most  likely  to 
be  reduced  fcr  products  of  industries  whose  final 
demands  have  the  highest  shadow  prices  by  the  action 
of  the  free  market,  and 

• to  the  extent  that  the  free  market  does  not  effec- 
tively reduce  final  demand  for  these  products,  a 
government  allocation  program  will  be  most  effective 
in  reducing  adverse  impacts  on  the  economy  if  it 
adopts  policies  to  reduce  the  final  demand  preferen- 
tially for  industrial  products  having  the  highest 
shadow  prices. 

As  indicated  in  Table  IV-2,  those  sectors  with  the  highest 
shadow  price.-!  under  conditions  of  a petroleum  shortage  include  paving  and 
asphalt  materials;  electric  utilities;  industrial,  agricultural,  and  mis- 
cellaneous chemical  products;  transportation  services,  communication  and 
water  utilities;  and  petroleum  refining.  That  these  results  are  reasonable 
is  suggested  by  the  fact  that  all  of  the  industries  whose  final  demand 
exhibits  a high  shadow  price  are  sectors  for  which  the  cost  of  petroleum 
represents  a relatively  high  percentage  of  the  total  value  of  the  product 
of  the  sector.  As  such,  the  output  of  the  sector  is  expected  to  contri- 
bute relatively  little  to  GNP . 

We  discuss  now  the  relevance  of  these  results  to  the  DoD. 

The  shadow  prices  contain  information  indicative  of  those  final  demand 
products  and  services  that  are  likely  to  be  in  short  supply  during  a 
petroleum  shortage;  government  policy,  prevailing  inventories  in  indus- 
tries, and  unexpected  consumer  behavior  will  of  course  also  impact  the 
availability  of  industrial  products  and  services  during  the  shortage. 

A promising  analytical  tool  for  DoD  advance  planning  for  shortages  is 
obtained  by  combining  results  of  Table  IV-2  with  the  petroleum  flow  infor- 
mation obtained  in  Section  III.  This  is  done  in  Figure  IV-5,  in  which 
we  have  listed  the  sectors  with  the  highest  shadow  prices  on  final  demand 
(from  the  linear  program  solution)  along  with  the  estimated  percentage  of 
DoD  and  U.S.  petroleum  use  through  the  consumption  of  the  products  and 
services  of  these  sectors.  Figure  IV-5  suggests  that: 


• The  civilian  economy  is  more  likely  than  DoD  to  be 
affected  by  possible  reductions  in  the  availability 
of  electricity  during  a petroleum  shortage. 

Declining  availability  of  petroleum  for  transportation 
services  (represented  by  the  output  of  the  transpor- 
tation service  sector— petroleum  products  for  air  and 

rail  transport — and  the  output  of  the  refining  sector 

gasoline  for  automobiles  and  trucks)  during  a shortage 
will  affect  DoD  considerably  more  than  the  civilian 
economy . 

The  analysis  therefore  suggests  that  DoD  advance  planning 
for  a petroleum  shortage  should,  in  substantial  measure,  be  devoted  to 
ensuring  the  availability  of  petroleum  for  high-priority  transportation 
needs,  as  petroleum  for  transportation  uses  is  likely  to  be  in  short  supply 
and  DoD  use  of  petroleum  for  transportation  is  high. 


3-  Sensitivity  of  GNP  to  a Shortage  of  Aluminum 

The  results  presented  in  Figure  IV-6  compare  the  reduction  in 
GNF  due  to  an  aluminum  shortage  witli  that  due  to  an  oil  shortage.  The 
results  are  presented  for  values  of  the  final  demand  parameter  equal  to 
4.5  and  5.5,  using  a 37-sector  input-output  table  and  1972  final  demand 
and  material  consumption  estimates.  Several  general  observations  are 
suggested: 

• At  comparable  percentage  shortages,  the  adverse  economic 
effects  of  the  petroleum  shortage  are  substantially  greater 
than  those  of  an  aluminum  shortage.  For  example,  at  5 per- 
cent shortages,  GNF  reduction  is  approximately  twice  as 
great  for  petroleum  as  for  aluminum.  At  a 10  percent 
shortage,  GNP  reduction  is  approximately  three  times  as 
much  for  a petroleum  as  for  an  aluminum  shortage. 

• Whereas  the  adverse  effects  of  the  petroleum  shortage 
accelerate  gradually  as  the  shortage  increases,  very  rapid 
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acceleration  of  economic  disruption  occurs  at  a shortage 
of  aluminum  of  between  23  and  30  percent. 

The  general  conclusion  to  be  drawn  from  these  observations  is 
that  the  economy  can  sustain  only  relatively  small  deficits  in  petroleum 
availability  but  that  there  exists  some  buffer  against  the  aluminum 
deficit.  Analysis  of  the  results  suggests  that  the  different  nature  of 
the  economic  responses  to  the  petroleum  and  aluminum  shortages  is  due  to 
the  ubiquity  of  the  industrial  demand  for  petroleum  and  the  more  limited 
number  of  industries  that  require  aluminum.  Thus,  for  an  aluminum  shortage, 
economic  activity  would  be  impaired  but  not  crippled  until  the  shortage 
became  so  great  as  to  reduce  substantially  the  output  of  key  industries, 
whose  output  is  required  to  support  industrial  activity  in  other  sectors 
of  the  economy.  As  noted  later,  the  appearance  of  rapidly  increasing 
disruption  of  economic  activity  after  an  initial  "threshold"  period  appears 
to  be  common  for  material  resource  shortages,  whereas  a much  smaller 
"threshold"  ef feet  is  observed  for  energy  resource  shortages. 

An  important  limitation  in  tiie  interpretation  of  GNP  reduction 
due  to  an  aluminum  shortage  is  that  at  shortages  greater  than  the  apparent 
"threshold,"  the  rate  of  economic  deterioration  predicted  by  the  model 
calculation  is  extremely  high.  Such  3 period  of  economic  dislocation  is 
not  likely  to  occur,  as  substitutes  for  aluminum — even  if  higher-priced 
and  less  desirable — will  be  used  wherever  possible  in  manufacturing 
products.  Because  substitution  possibilities  are  not  included  in  this 
formulation  of  the  model,  the  economic  impacts  at  high  aluminum  shortages 
calculated  by  the  model  are  not  considered  realistic.  For  this  reason 
GNP  reduction  at  large  shortages  of  aluminum  are  shown  in  dotted  lines 
in  Figure  IV-6.  The  model  for  the  nonenergy  resource  shortages  is  thus 
useful  for  indicating:  (1)  relative  economic  impacts  of  different  resource 

shortages  before  "threshold"  impacts  (i.e.,  before  the  onset  of  rapidly 
accelerated  adverse  impacts  on  GNP)  bring  about  otherwise  noneconomic 


Ihe  large  decline  in  GNP  due  to  a petroleum  shortage  is  probably  un- 
avoidable, because  of  the  limited  availability  of  energv  substitutes. 
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substitution  processes  and  (2)  the  approximate  magnitude  of  the  shortage 
of  different  materials  that  cause  the  rapid  decline  in  economic  activity. 

4 . Reducing  Final  Demand  during  an  Aluminum  Shortage 

Table  IV-3  shows  the  industries  whose  final  demands  have  the 
highest  shadow  prices  during  an  aluminum  shortage.  The  interpretation 
developed  earlier  suggests  that  the  manufacture  of  the  products  of  these 
industries  for  final  demand  is  most  likely  to  be  reduced  by  either  market 
forces  or  government  policy,  in  the  absence  of  pressing  societal  needs 
for  the  products.  Figure  1V-7  compares  DoD  and  civilian  demand  for  the 
products  of  those  industries  with  the  highest  shadow  prices.  The  conclu- 
sion relevant  to  DoD  planning  is  that  in  the  event  of  an  aluminum  shortage, 
DoD  is  most  likely  to  be  affected  by  reductions  in  output  of  ordnance  and 
aircraft.  Thus,  the  analysis  has  indicated  the  specific  shortages  most 
likely  to  be  of  special  concern  to  the  DoD  during  a period  of  reduced 
availability  of  aluminum. 

3.  Simultaneous  Shortages  of  Aluminum  and  Petroleum 

The  model  is  capable  of  simulating  the  effect  of  a combination 
of  shortages  occurring  simultaneously.  Figure  IV-8  compares  the  cumula- 
tive effect  of  separate  10  percent  aluminum  and  7.5  percent  petroleum 
shortages  with  the  effect  of  a simultaneous  10  percent  aluminum  and  7.5 
percent  petroleum  shortage.  Whereas  the  effect  of  the  two  shortages  occur- 
ring separately  is  a 2.9  percent  reduction  in  CNF,  the  effect  of  the  com- 
bined shortage  is  a 2.1  percent  reduction  in  CNP.  This  result  may  be 
understood  by  noting  that  a shortage  of  one  resource  causes  industrial 
output  to  decline.  This  reduction  in  output  diminishes  demand  for  other 
resources.  Thus,  the  combined  economic  effects  of  simultaneous  shortages 
are  generally  less  than  the  sum  of  the  economic  effects  of  the  shortages 
occurring  separately. 

6.  Shortages  of  Other  Material  and  Energy  Resources 

In  Figure  IV-9  are  shown  the  effects  of  12  energy  and  material 
shortages  on  CNP,  as  a function  of  the  percent  shortage  of  the  resource. 
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DOD  AND  U S ALUMINUM  USE  THROUGH  CONSUMPTION  OF  PRODUCTS  WITH 
HIGH  FINAL  DEMAND  SHADOW  PRICES  DURING  A SHORTAGE  OF  ALUMINUM 
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FIGURE  IV  9 EFFECTS  OF  ENERGY  AND  MATERIAL  SHORTAGES  ON  GNP 


For  clarity,  we  have  omitted  results  of  several  of  the  material  shortage 
calculations  from  the  figure.  Tin  and  chromium  fall  on  the  figure  between 
the  curves  for  cobalt  and  aluminum.  Copper  and  silver  fall  between  the 
aluminum  and  nickel  curves.  As  for  the  aluminum  calculation,  we  have 
plotted  the  percent  reduction  of  CNP  as  a dotted  line  for  material  short- 
ages that  have  a severe  impact  on  the  economy,  since  we  assume  that  sub- 
stitution would  probably  take  place  to  avert  the  most  adverse  of  the 
economic  impacts. 

Several  observations  are  appropriately  made  from  the  results: 

• Economic  impacts  vary  significantly  for  shortages  of 
different  resources. 

Shortages  of  the  energy  resources  have  the  greatest 
impact . 

barge  effects  on  GNP  occur  between  a 5 and  h,  percent 
shortage  for  the  energy  resources. 

• Non-metal lie  titanium,  platinum,  cobalt,  tin,  chromium, 
aluminum,  and  copper  begin  having  strongly  adverse  effects 
on  the  economy  at  about  a 15  percent  shortage  for  the  first 
two  materials  on  the  list  and  at  between  20  and  25  percent 
shortage  for  the  other  materials. 

The  remaining  materials — silver,  nickel,  zinc  castings, 
tungsten,  lead  and  metallic  titanium — exert  a strongly 
adverse  effect  on  GNP  at  a shortage  of  30  percent  or 
greater. 

The  results  in  Figure  IV-9  may  be  used  to  establish  a rank 
ordering  of  shortage  impacts  of  different  resources.  Of  the  material 
resources  with  the  greatest  potential  for  causing  large  and  adverse  eco- 
nomic impacts,  tin,  chromium,  and  aluminum  are  largely  imported  and  U.S. 
reserves  of  the  raw  materials  are  limited.  The  largest  foreign  sources 
of  materials  are:  tin  Malaysia,  Thailand  and  Bolivia;  chromium — U.S.S.R., 

South  Africa,  and  Rhodesia;  bauxi te— Jamaica , Surinam,  and  Australia. 

In  view  of  the  potential  economic  impacts  of  shortages  of  these  three 
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materials  and  the  large  U.S.  dependence  on  foreign  sources  that  may  be 
insecure,  careful  consideration  should  be  given  to  the  adequacy  of  our 
stockpile  and  the  economic  benefits  that  could  accure  from  a stockpile 
tor  tin,  chromium,  and  aluminum.  Also,  the  benef its  and  costs  of  economic 
stockpile  of  platinum  may  merit  analysis,  since  the  economic  impacts 
° 1 a shortage  can  be  substantial,  about  60  percent  of  the  platinum  is  imported, 
and  the  major  foreign  sources  of  platinum  are  the  U.S.S.R.  and  South  Africa. 
However,  significant  dottiest  it  platinum  deposits  exist  and  could  be 
exploited . 

A second  important  observation  regarding  the  results  in  Figure 
IY-9  concerns  thei-  relevance  to  DoD  planning  for  shortages.  The  analysis 
done  for  aluminum  and  petroleum,  which  relates  DoD  consumption  patterns 
and  high  final  demand  shadow  trices  to  specific  industrial  products  that 
are  most  likely  to  be  in  short  supply  to  DoD  during  a shortage,  is  equal Iv 
applicable  r<>  the  remaining  resources.  The  relevant  consumption  and 
shadow  price  information  is  presented  in  the  appendix.  these  results  can 
be1  ust-d  lor  DoD  planning  in  a manner  analogous  to  that  presented  in  this 
report  for  petroleum  and  aluminum. 
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Appendix 

DETAILED  INPUTS  AND  RESULTS 

While  many  of  the  detailed  inputs  and  results  of  this  study  are  too 
voluminous  to  publish,  certain  key  items  have  been  selected  for  publication 
so  as  to  enhance  the  direct  usefulness  of  the  study.  The  appendix  is 
organized  into  two  sections:  one  giving  input  d.ita  to  the  calculations 

performed,  and  the  other  providing  results.  Since  the  orgin  of  the  input 
data  and  an  explanation  of  how  to  interpret  the  results  were  covered  lully 
in  the  main  body  of  the  report,  little  additional  explanation  is  given  in 
this  appendix. 

A.  Input  Data 

The'  input  data  presented  are  those  associated  with  the  150-sector 
input-output  table  derived  from  t lie  404-sector  table  .is  described  in 
Section  III  of  the  report.  This  table  with  its  derived  coefficients  is 
the  basic  input  both  for  the  material  consumption  calculations  md,  in 
an  aggregated  form,  for  the  1 ine.ir  programming  analysis  of  shortage 
effects.  In  the  first  three  columns  of  Table  A-l,  the  150  sectors  art- 
defined  in  terms  ol  the  industry  numbers  assigned  bv  the  Bureau  of  Economic 
Analysis  (BLA)  and  used  in  the  1987  input -output  tables.'  Note  that 
sectors  8 and  9 have  tile  same  industry  number  as  do  sectors  10,  11,  and 
12 — these  are  sectors  that  were  used  iron  the  disaggregated  504-sector 
table  obtained  from  Lawrence  Berkeley  Laboratories,  in  which  coal,  crude 
petroleum,  gas,  and  many  other  mining  sectors  were  disaggregated  to  a 
greater  extent  than  is  found  in  tin  )87-see tor  input -output  table  published 
by  BEA. 

Column  4 of  Iable  A-l  shows  the  deflation  t a.  tors  used  tec  convert  the 

» 

1972  final  demand  obtained  from  the  • > t i i < e of  Preparedness*  in  1 9s  i dollars 
to  1987  dollars  tor  use  with  the  1987  input -out  put  table.  Columns  '>  ind  8 
give  the  I'.S.  and  !)<•!)  final  demands  in  millions  of  dollars.  Hit  final 
demand  figures  arc  given  in  1987  dollars,  i.e.,  alter  multiplication  bv 

A-l 


A 


Table  A-l 


DEFINITION  OF  1972  IMPUT-OUTFUT  SECTORS  AMD  1MFUTS 


Sector 

Number Sector  Ni»i 

1 Livestock 

2 Other  Agriculture 

3 Forestry  and  Fishery  Product* 

4 Agric.  Forest,  and  Fish  Products 

5 Iron  and  Ferroalloy  Ores  Mining 

h Copper  t»re  Mining 

7 Non ferrous  Metal  Ores  Mining 

8 Anthracite  Coal 

9 Bituminous  Coal 

10  Crude  Pet i oleum 

11  Material  Gas 

12  Natural  Gas  Liquids 

13  Stone  .m«i  Clay  Mining  and  Quarry 
K Cher- and  Fert  1 1 ir.  Mineral  Mining 
15  New  Const ruLt  ion 

19  Maint.  and  Rep.  Const.  Resld.  Bldg. 

17  Main,  and  Repair  Const.,  all  Others 

18  Cnnptfte  Guided  Missiles 

19  Tank  and  Tank  Components 

20  Arxun.  Inc.  for  Small  Arms 

21  0:her  Ordnance 

22  Alcoholic  Beverages 

23  Processed  Foods  ex.  Alcohol 

24  Tobacco  Manufacturers 

25  Broad  and  Narrow  Fabric  Yam 

29  Misc.  Textile  Goods  and  Floor  Cov, 

27  Apparel 

28  Misc.  Fabric  Textile  Products 

29  Ljxo.  and  Wood  Products  ex.  Containers 

30  Wooden  Containers 

31  Household  Furniture 

12  Other  Furnituie  and  Flxturaa 

33  Pulp  Paper  and  Paper  Bd.  Mills 

34  Paper  Products  ex.  Contain,  and  Boxss 

35  Paperboard  Cnntalnars  and  Bcxsa 

39  Printing  and  Publishing 

37  Induat*  Chen.  ex.  Alumina 

38  Fertilizers  and  Agric.  Chan. 

39  Misc.  Chen.  Products 

40  Plastics  Materials  and  Rtalna 

41  Synth.  Rubber 

42  Cslluloan  and  Hor.cc  11  ulnta  Fibers 

4 3 Drugs 

44  Cleaning  Preparations 

45  Tollst  Preparations 

49  Paints  and  Alllad  Products 

47  Petrolsua  Refining 

48  Paving  and  Asphalt  Materials 

49  Tires  and  Innsr  Tubss 

50  Other  lubber  and  Misc.  Mastics 


1997 

Input-Output 
Industry  No. 

Deflat  Ion 
Factor 

U.S.  1972 
Final  Demand 
(S  millions) 

1.01-  1.0) 

1.119 

$ 2,556.87 

2.01-  2.07 

.991 

7,843.59 

1.00 

1.438 

496.22 

4.00 

.BJ  1 

34.96 

5.00 

.9/0 

35.88 

6.01 

1.240 

9.92 

6.02 

1.071 

215.65 

7.00 

1.047 

73.67 

7.00 

1.047 

571.53 

6.00 

1 .017 

8.08 

6.00 

1.017 

3.68 

8.00 

1.017 

1.46 

9.00 

1.040 

23.93 

10.00 

1 .0M» 

173.71 

11.01-11.05 

1.129 

93,053.26 

12.01 

1.142 

237.52 

12.02 

1.14? 

2.795.46 

11.01 

1.079 

3,716.41 

11.01 

1.079 

'<02.492 

13.02 

1.079 

1,737.35 

13.04-13.05 

1.079 

825.51 

14.21 

1.074 

8,675.30 

14.01-14.20 

1.074 

64,161.96 

15.01-15.02 

1.086 

6,673.86 

16.01-16.04 

1.019 

1,538.12 

17.01-17.10 

.952 

1,967.78 

18.01-1B.04 

1.048 

21,129.03 

19.01-19.01 

1.019 

3.072.59 

20.01-20.09 

1.067 

1,244.10 

21.00 

1.031 

13.40 

22.01.22.04 

1.081 

5,072.91 

23.01-21.06 

1.068 

2,585.06 

24.01-24.03 

1.073 

851.20 

24.04-24.07 

1.07} 

2,028.72 

25.00 

1.027 

292.74 

26.01-26.08 

1.055 

6,751.73 

27.01 

1.021 

2,778.95 

27.02 

1.031 

530.92 

27.04 

1.021 

990.66 

28.01 

.952 

655.71 

28.02 

.952 

191.29 

28.03-28.06 

.993 

214.67 

29.01 

1.000 

4,670.00 

29.02 

1.041 

1,092.71 

29.03 

1.041 

2,671.88 

10.00 

1.047 

99.56 

31.01 

1.035 

35,765.54 

31.02-31.0) 

1.033 

33.02 

32.01 

1.037 

2.M6.M 

32.02-32.06 

.MS 

1,137.1) 

DoD  1972  Mlnlaua  Final  Maximus  Cross 
Final  Demand  Demand  Factor  Output  Factor 
11*11  lions)  (Percent)  (Percent ) 


8 2.28 

40.79 

300.00 

2.97 

24.85 

loo.oo 

1.44 

0.00 

loo.oo 

16.26 

0.00 

100.00 

0.00 

0.00 

120.01 

0.00 

0.00 

120.01 

0.00 

0.00 

12C.01 

3.95 

29.87 

112. SO 

30.61 

29.87 

112. B0 

0.00 

0.00 

105.96 

0.00 

0.00 

105. *6 

0.00 

0.00 

105.96 

0.00 

0.00 

127.6) 

0.00 

29.3) 

127.6) 

977.49 

75.75 

111.92 

99.35 

49.14 

111. *2 

1,056.30 

49.14 

111.92 

2,152.41 

0.00 

100.00 

492.07 

0.00 

100.00 

1,202.11 

0.00 

100.00 

435.96 

3.00 

ICO. 00 

2.15 

93.41 

102.83 

160.04 

93.41 

102. S3 

0.00 

B1.74 

122.32 

19.71 

28.64 

106.66 

11.31 

76.22 

106.64 

54.49 

88.62 

110.41 

72.16 

74.50 

110.41 

6.40 

9.45 

102.3) 

5.15 

44.21 

102.3) 

8.65 

79.02 

110.06 

20.29 

77.91 

110.06 

9.66 

86.96 

102.12 

18.25 

86.96 

102.12 

9.25 

33.02 

102.12 

246.94 

80.76 

112. SO 

282.90. 

69.11 

103.07 

2.06 

69.11 

103.07 

118.90 

69.1) 

103.07 

19.93 

75.02 

101.07 

2.86 

75.02 

101.07 

14.44 

75.02 

101.07 

17.00 

88. 5) 

101.07 

22.92 

88.53 

101.07 

0.00 

SB. 5) 

103.07 

2.10 

0.00 

103.07 

*14.92 

81.50 

103.95 

l.*2 

SI. so 

103.35 

33.00 

SS.2) 

106.72 

130.70 

SS.23 

10S.272 

A-2 


SS8 


F 


Tsbls  4-1  (Conll 


Leather  Tann  and  Indust.  Loath.  Prat, 
r-jotvear  and  Other  (.oath.  Prod. 

Glass  and  Class  Project  a 
Stone  and  Clay  Product# 

•last  Furn.  and  Basic  Steal  Prod. 

Iron  and  Steel  Founder  lea 

Iron  and  Steel  Forging 

Priaarv  Iron  and  Steel  Prod.  Mac. 

Pnsary  Copper 
Prir-rv  7>nc 

Pr:oar/  Aluainus  Inc.  Alaaina 

Ci lit r l r i N >n(trroua  Metals  lac.  Lead 

Second  Kor. ferrous  Metals 

Copper  Rolling  sr.d  Drawing 

Ala*.  Roiling  ai.4  Drawing 

0*h»  r Nun ferrous  Rolling  and  Drawing 

N.  r.f«rf  wire  Drawing  anj  Insulating 

A'  .T^n.s  Cast ings 

Ar  Sron '«•  <>ii 4 Copper  casting 

N-  ife^r: as  Casting  Wr. 

f.  nf«rro.»  Purging 

• • : il  'untair.ers 

it*  .t  j..  PI  jtii.  Prod.  ex.  Electricity 

Fa&.  a* rue.  .eet . and  Other  Mat.  Prod. 

Screw  Machine  Products 

Metal  ta^p  In.  Awtoaubllas 

l>»-.  r Fah..  4'*J  Metal  Prod. 

r ir*»  «nj  Iurbir.es 

Farr  Machinery 

C.  t tr.  Field  Mafi.ir.ery 

.*•  *t  * » iai  c Mo  lurry  and  Equip. 

w<’**  W.  r*  v. . r.  jr.er/  an  i Equip. 

,<  ;..l  I .c.s.  r.i  lurry  sr.u  E<,uip. 

Pur.ps  at.d  Compressors 
Ball  ar.d  Roller  Searing* 

f* Furn.  end  l her  Cent.  Indus.  Nschls. 

Mu  Mm  > cp  Produc  t * 

npuf|e<l  sr.C  Related  Mochlr.es 
l>?e  riter  . a-1  * r Off.  Kuchin.  Mac 

f»lr  ■«.  -Mo.  1.  Ii.ec/ 
ther  .*iv.  e,  irdus.  Machines 

Flee.  Mea* . in . • r 

Tr*n*».  wit.  »;r  an.  A.  ard  Ay-par. 

Motors  «>ntr_.  and  He..  Prod.  Mac. 

H<  a»e.v  Id  Appliar  e*. 

*-«e  . ID  t 4,1  . mkt  in»;  Equip. 

Fa-i<»  »n4  TV  sece.v.ng  beta 
Pr.or.oj>:ar:  Records 

Telephone  -nd  Telegraph  Appsrstos 
Radio  sod  TV  cn—  Bleat  Ion  Equip. 


ltd  7 

Input -Output 
Industry  Ho. 

Oaf  1st  1st 

f«ct>r 

II. S.  1972 

Plasl  Demand 

(1  ail  1 inns^ 

Ml  1972 

Plnsl  Denun 

11.00 

l.IOt 

171.10 

1.11 

la. 01-14.01 

1 . lof 

4,044.44 

1.11 

1 ‘>.01-11.02 

1.050 

§14.24 

9.46 

lb.  01 -14. 22 

1.012 

•74. 2R 

t.  26 

17.01 

l.o  id 

•9M. 97 

2R.01 

17.02 

l.ORf 

101.28 

3.27 

17.01 

1.089 

45.  74 

0.00 

17.0a 

l.&Rt 

14.14 

0.00 

1A.  01 

1.122 

170.44 

1.12 

3R.01 

l.lOtt 

26.11 

-5.96 

38.04 

.5  17 

49.6b 

.*> 

18.02 

1.144 

7. It 

•7.18 

m.  os 

l.m 

13.16 

0.00 

)».0* 

l.liR 

54 . 89 

0.«K) 

lb. 07 

.f;b 

76.20 

17.5b 

I )«.oa 

1.217 

141.56 

3.71 

ib.09 

1.2i’ 

2 12 . b4 

60.64 

1 1*».  10 

1.1*9 

19.07 

2.1b 

| lb. 11 

l.lbf 

22.61 

14.66 

id.  12 

1.1)4 

4.  '6 

C.OO 

Ib.Ij 

1.144 

19.04 

:.ib 

I i».ci-l».02 

I .ot  a 

49.1b 

b.al 

: 4^.01-40.01 

l.o: : 

26  j.  94 

1.09 

| 40.04-40.04 

1 .0)..’ 

1.411.75 

22. 11 

; 4i  oi 

l.lCf 

1 16.45 

14.42 

41.02 

1 - IF  4 

86%  44 

12.20 

4.'. 01-42. 11 

1.097 

2,2*9.09 

20. 77 

| 43.01-41.02 

1.07b 

2,09b. 50 

la  7.1*1 

ct 

i . .4- 

4,1*7.60 

12.04 

; *r>  »»;-4J.gi 

1 ..CM 

5,c  *.i: 

1 14  . . i 

ah. -44.04 

1.075 

1,.  *5.  »; 

109. 7* 

4 1-47.04 

1 . Ia« 

1,161.  lb 

•2.41 

4".  .-48.06 

1.117 

1, 652.15 

15.65 

j 44.01 

1.079 

1,249.29 

12.94 

i 44. o; 

1.079 

157.25 

11.8S 

! 44.Oi-4f.07 

1.079 

1 ,688.82 

66.01 

j j-.  - 

1.049 

2*0. 7g 

5>  >8 

u.  >: 

1.011 

6,2* .25 

227.C6 

. 51  02-H.  u4 

l.cbj 

1 ,».**.  r» 

16.25 

52.  Oi 

.985 

2,142. 02 

16  .** 

52.01-12.02 

52.r»4-52.05 

.945 

1 , 582 . as 

11.81 

51.01 

1.10. 

1 .001.89 

1 12.55 

51.02-11. OS 

1.10. 

1,117.89 

5a.  1 J 

51. 04-51. OR 

1.017 

I . «»9.  17 

15  >.42 

54.01-U.07 

.94.* 

6.214.99 

8 . *, 

55. 01-51.01 

1 .045 

1,.  2 1.5b 

. *>.  12 

5e.G* 

Vad 

5.092.48 

1.41 

54.02 

.945 

471.142 

1 .90 

54.01 

1.004 

1,441.92 

109. SO 

54.04 

L 

1.014 

5, 799.47 

1,075. 12 

dial nun  Final 
Dsnsnd  Factor 

(Percent) 
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Tifclt  A-l  (Concluded) 


Sector 

Number Sector  Kerne 


101  Electron.  Campon.  #nd  Access. 

102  Engine  Elec,  houlp. 

10  3 Bate.  X-ray  anl  Other  Elec.  Equip. 

104  Truck  end  Bus  Bodies  and  Truck  Trail. 

105  Motor  Vehicles  and  Parts 

106  A ire rat t -Complete 

10/  Aircraft  Engn.  and  Prt.  Inc.  for  Mis*. 

108  Aircraft  Equip,  and  Parts  ffr'e. 

Iu9  Ship  Slog,  and  Repairing 

110  Lucom.  PR  Streetcars  end  Parts 

112  Trai ler  Coaches 

112  Other  Transportation  Equip.  Nee. 

'13  Sci.  instrum.  Meas.  and  Controls 

il4  Surg.  Dent.  Ved.  Supplies  and  Equip. 
*15  Watches,  Clocks  and  Parts 

116  Optic  Opthal.  foods  inc . Lenses 

117  Photo  Equip,  and  Suppl les 

118  Mi  sc.  Manuf actur ing 

119  Railroads  and  Related  Services 

120  Motor  Frgt.  Trannp.  and  Vsrslisng. 

121  Water  Transport  at  Ion 

122  Air  Transportation 

123  Pipeline  Trar.spor i.it  icn 

124  Local  Pass,  and  Other  Transp. 

125  Ccrsun lest  ions  ex.  Radio  and  TV 

126  R..d.o  and  TV  Broadcasting 

1 27  Electric  utilities 

128  Gat  1 1 i 1 i t les 

129  Water  and  Sanitary  Services 

130  Wholesale  ind  Retail  Trade 

131  Rctsii  Trade 

132  Jinan  *e  «nd  Insutance 

13J  Ov.ut  Occupied  Dwellings 

134  Real  Estate 

135  Hotels  and  Lodging  Pisces 

136  Psnl  and  Repair  Services  ex.  Auto. 

1j7  Ad. "trifling 

lift  Mlhc.  busn.  Services  ex.  Advertsg. 

*39  Auto  Repair  and  Services 

140  Anic.eatents 

141  Med.  and  Fduc.  Serve. — Nonprof « Org. 

142  Fed.  fovt.  Enterprises 

143  State  and  Local  Govt. 

144  Ir.ports 

145  ftusirv**  rrsv.  Entertain,  sod  Gifts 

146  Of t Ice  Supplies 

147  Scrsp  Used 

140  Govt.  Compensation 

149  Rest  *1  ths  World  Industry 

150  Hones  1 old  ’sAmtiy 


1**7 

Input -Output 
I ndu.tr?  Hu. 

Dsflsr  ion 
Factor 

U.S.  1972 
Final  Dtaund 
($  nllliun.) 

57.01  -57.01 

.850 

1,293.88 

58.04 

1.095 

380.14 

58.01-58.01 

58.05 

1.0‘»5 

1,306.95 

59. 01-5*. 02 

1 .0.1 3 

2,087.51 

59.0) 

1.013 

47,890.70 

60.01 

1.090 

5,783.38 

60.02 

1.090 

3,042.79 

60.01-60.04 

1.090 

2,8)2.23 

61.01-61.02 

X.0H2 

1,876.00 

61.01-61.04 

1.021 

2,170.52 

61.06 

1 . 056 

1,156.28 

61. 05J61.07 

1.03d 

1,605.97 

62.01-62.01 

1 .080 

2,315.56 

62.04-62.06 

1.074 

1.3R2.24 

62.07 

1 .0H0 

638.59 

61.01-41.02 

1.0.?  J 

819.12 

61.01 

1.096 

2,246.82 

64.01-64.12 

1.058 

9,219.23 

65.01 

.965 

4,693.75 

65.01 

1.137 

6,664.37 

65.04 

.935 

3,451. 5B 

65.05 

.886 

3.206.31 

65.06 

1.048 

412.16 

65.02 

1.04K 

4,248.49 

65.07 

.970 

12 , 799.85 

66.00 

1 . 1M 

119.65 

67.00 

.991 

12.757.43 

68.01 

.991 

5,473.24 

68.02 

.097 

2,105.98 

68.01 

1.0M 

40,334.68 

69.01 

1.119 

108, 161. b4 

69.02 

1.192 

30,976.31 

70.01-70.05 

1.054 

60.24R.13 

71.01 

.986 

27,120.49 

71.02 

1.1  .‘6 

4.547.91 

72.01 

1.116 

13,016.18 

72.02- 72 .01 

1.119 

139.97 

71.02 

l.lNi 

11,509.28 

75.00 

1.0MI 

9,787.10 

74.01-76.02 

1.210 

7,698.93 

77.01-77.05 

1.256 

62,269.58 

<8. 01-71. 04 

1.072 

2,168.06 

79. 01-7*. 05 

1.058 

1,251.66 

80.01-60.02 

l.OCO 

- 11  ,868.72 

81.00 

1.0(0 



82.00 

1.0(0 

876.00 

81.00 

1.000 

229.00 

84.00 

1.000 

76,577.00 

85.00 

1.000 

7,926.00 

64.00 

1.00C 

3,014.00 

DoD  1972  Minimum  Final  Maximum  Cross 
Final  Demand  Demand  Fsctor  Output  Factor 
_($  millions)  (Percent)  (Percent) 


259.98 

5.37 

113.15 

48.20 

76.12 

113.15 

53.68 

76.12 

113.15 

51.70 

72.84 

112.80 

770.28 

72.84 

112.80 

2,370.73 

59.78 

156.93 

1,805.60 

59.78 

156.43 

1,502.30 

59.78 

156.93 

158.43 

62.40 

156.43 

4.09 

62.40 

156.43 

0.00 

62.40 

156.43 

24.92 

62.40 

156.43 

223.67 

45.94 

114.09 

35.44 

45.94 

114.09 

1.08 

45.94 

114.09 

18.4] 

46.48 

114.09 

117.38 

46.48 

114.09 

9.53 

75.05 

105.01 

139.05 

70.49 

109.81 

475.98 

70.49 

107.32 

247.81 

70.49 

100.00 

300.51 

7C.49 

132.40 

2.51 

70.49 

100.00 

25.80 

70.49 

100. OC 

345.60 

79.59 

100.00 

0.00 

100.00 

13/. 77 

77.59 

102.43 

41.74 

77.59 

105.99 

18.66 

77.59 

100.00 

619.39 

89.12 

100.00 

-20. 4E 

89.12 

100.00 

19.09 

81.07 

113.98 

75.91 

83.60 

102.73 

0.00 

83.60 

102.71 

301.47 

86.42 

146.04 

1.12 

86.42 

146.04 

2.24 

ui  .29 

113.98 

1,732.37 

61.29 

113.96 

20.69 

66.02 

100.00 

158.55- 

03.70 

100.00 

82 J. 31 

63.13 

100.00 

111.57 

79.10 

100.00 

15.88 

67.44 

loo.oo 

-1,037.80 

169.63 

100.00 

— 

131.70 

100.00 

89.00 

43.90 

100.00 

-206.00 

0.00 

100.00 

19,786.00 

34.20 

100.00 

— 

46.00 

100.00 

— 

51.04 

100.00 

A-4 


the  deflation  factor.  Column  7 is  the  factor  by  which  the  U.S.  final 
demand  was  multiplied  to  obtain  the  minimum  final  demand  used  in  the 
linear  program  calculation.  These  factors  correspond  to  that  case  de- 
scribed in  the  report  as  5 standard  deviations  below  the  least  squares 
regression  line  fit  to  the  historical  final  demand  data.  The  last  column 
shows  the  factor  by  which  the  1972  gross  output  for  each  sector  was  multi- 
plied to  obtain  the  maximum  capacity  constraints  (i.e.,  maximum  gross  out- 
put) used  in  the  linear  program  calculation. 

Table  A-2  defines  the  17  sectors  used  in  the  linear  programming  cal- 
culations in  terms  of  the  110  sectors  defined  in  Table  A-l.  The  goal  in 
defining  these  sectors  was  to  leave  the  energy  sectors  disaggregated  but 
to  aggregate  other  sectors  whose  products  were  similar. 

B . Resu 1 1 s 

Kxamples  of  each  of  the  types  of  resu  ts  obtained  are  given  in  the 
main  bod\  of  the  report.  The  purpose  of  this  section  of  the  appendix  is 
to  present  the  complete  set  of  results  for  all  materials  studied. 

1.  Samp  1 e Computer  Output  _ti  '_r_  Mat  er  i a 1 Consumption  Estimates 

fable  A- 3 is  the  computer  output  tor  DoD  consumption  of  aluminum. 
The  first  two  columns  define  the  sector,  the  third  gives  I'.S.  consumption 
bv  that  industrv  in  units  of  thousands  of  tons.  Total  sales  in  millions 
of  dollars  is  shown  in  the  fourth  column.  Column  3 shows  the  consumption 
factor,  whii  h is  the  ratio  of  C.S.  ionsumption  divided  by  total  sales  for 
each  set  tor.  DoD  final  demand  is  shown  in  column  h in  millions  of  1967 
dollars.  Column  7 shows  the  direct  consumption  for  that  sector  in  units 
of  thousands  of  tons.  ;he  direit  consumption,  as  described  previously, 
is  the  material  us,  d by  an  industry  to  produce  its  DoD  final  demand. 

Column  H is  the  material  , onsumed  bv  a"  industry  to  manufacture  products 
sold  to  Other  industries  (in.  luding  that  consumed  by  itself)  to  support 
their  prediction  for  DoD  final  demand . Colimn  9 is  the  sum  of  columns  7 
and  8 and  is  thus  the  total  material  consumed  bv  an  industry  to  support 
all  of  DoD  final  demands.  Column  10  is  the  material  consumed  bv  other 
industries  to  provide  t he  products  purchased  by  an  industry  (including 
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E 


E 
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Sector 

Number 


Sector  Name 


150-Sector 

Components 


Agriculture 

Mining 

Anthracite  coal 
Bituminous  coal. 

Crude  petroleum 
Natural  gas 
Natural  gas  liquid 
Construction 
Ordnance 

Food  processing  and  tobacco 
Textiles,  wood  and  paper  products 
Chemical  products 
Plastic,  rubber  and  cellulose 
Paints  and  allied  products 
Petroleum  refining 
Paving  and  asphalt  materials 
Rubber,  leather,  glass  and  clay 
Primary  and  secondary  metal  products 
Fabricated  metal  products 
Engines  and  industrial  machinery 
Machine  shop  products 

Computers,  office  and  other  service  machinery 
Appliances  and  electric  lighting 
Communication  and  electrical  equipment 
Motor  vehicles 
Ai rcraf t 

Other  transportation  equipment 
Instruments  and  miscellaneous 


15-17 

18-21 

22-24 

25-36 

37-39 

40-45 


49-54 

55-71 

72-77 

78-83 

84-87 

88-92 

93-96 

97-103 

104,105 

106-108 

109-112 


27 

28 


113-118 


Sector 

Number 

Sector  Name 

150-Sector 

Components 

29 

Transportation  and  communication  services 

119-122, 

125,126, 

129 

30 

Pipeline  transportation 

123 

31 

Local  passenger  and  other  transportation 

124 

32 

Electric  utilities 

127 

33 

Gas  utilities 

128 

34 

Trade,  real  estate  and  services 

130-141 

35 

Government  enterprises 

142,143 

36 

Imports 

144 

37 

Dummy  and  special  industries 

145-150 
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those  purchased  from  itself)  to  support  its  production  for  DoO  final 
demand.  Finally,  column  11  is  the  total  of  columns  7 and  10  and  is  the 
total  material  consumed  by  all  industries  to  produce  that  final  demand 
product . 

Table  A-4  is  an  example  of  the  detail  that  is  available  to  extend 
the  material  flow  information  in  Table  A-3.  The  example  shown  is  a dis- 
aggregation of  material  flows  for  sector  101 — electronic  components  and 
accessories.  Column  9 shows  aluminum  consumption  to  produce  goods  sold 
by  sector  101  to  the  other  sectors.  Column  11  shows  aluminum  consumption 
by  sectors  to  produce  goods  sold  to  sector  101.  For  example,  column  9 
indicates  that  the  electronics  components  sector  consumes  3.851  thousand 
tons  of  aluminum  to  produce  the  goods  it  sells  to  the  radio  and  TV  com- 
munication equipment  sector,  100.  It  also  consumes  .381  thousand  tons 
to  produce  goods  it  sells  to  sector  106,  complete  aircraft.  In  column  11, 
the  table  shows  that  sector  67,  nonferrous  wire  drawing  and  insulating, 
consumes  .457  thousand  tons  of  aluminum  to  produce  goods  it  sells  to  sec- 
tor 101  to  support  its  production  for  final  demand.  The  self-consumption 
can  be  obtained  from  this  table  by  subtracting  the  direct  consumption, 
1,462,  from  the  total  consumption  of  sector  101,  1.764,  shown  in  both 
columns  9 and  11,  to  give  .302. 

A computer  printout  similar  to  Table  A-3  for  all  materials 
studied  is  available,  as  is  the  full  backup  of  Table  A-4  for  each  sector 
for  eacli  material. 


2 . Material  Floy?  Diagrams 

Figures  A-l  through  A-34  are  the  material  consumption  diagrams 
for  the  17  materials  analyzed  for  both  U.S.andDoD  consumption.  The 
interpretation  of  these  figures  is  provided  in  the  body  of  the  report  for 
aluminum  and  petroleum.  The  aluminum  and  petroleum  diagrams  have  been 
repeated  here  to  provide  a complete  set. 
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1972  DOD  INDIRECT  CONSUMPTION  OF  ALUMINUM  FROM  SECTOR  101  — ELECTRONIC  COMPONENTS  AND  ACCESSORIES 

( Thousand  Short  Tons) 
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figure  A-4.  1972  CHROMIUM  CONSUMPTION  BY  THE  OOD 

TENS  OF  SHORT  TONS 
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FIGURE  A -5.  1972  COBALT  CONSUMPTION  BY  THE  US. 

TEN  THOUSAND  POUNDS 
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FIGURE  A- 6.  1972  COBALT  CONSUMPTION  BY  THE  000 

THOUSANDS  OF  POUNDS 
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FIGURE  A-7.  1972  COPPER  CONSUMPTION  BY  THE  US. 

THOUSANDS  SHORT  TONS 
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FIGURE  A- 14.  1972  PLATINUM  CONSUMPTION  BY  THE  ROD 

TENS  OF  TROY  OUNCES 
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figure  A- 15.  1972  SILVER  CONSUMPTION  BY  THE  US. 

100,000  TROY  OUNCES 


A-27 


-Hi* 


prWtdi  iepvl  fr«m  cwmifif 
•t!icr  industries  iXwtry 


15 


ilC'iCTMd 


10)0*3/ 14* 

70  7 .190  J & 


eft  HO  I X 

134  6 362  J Kj 


prtUtU  nlhl  It 
ilhcr  industries 


Util 
rtt«lr«sU 
Ur  iintl 
dfMtld 


fiSEkC? 

53  21  401  - 


GSEraiQ 


RKftlim' 


earai7 


£5 


gSEk 


flB+6 


FIGURE  A-16.  1972  SILVER  CONSUMPTION  8Y  THE  DOO 

THOUSAND  TROY  OUNCES 
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FIGURE  A-;>0.  1972  M. TITANIUM  CONSUMPTION  BY  THE  DOD 

SHORT  TONS 
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FIGURE  A -24.  T 972  TUNGSTEN'  CONSUMPTION  BY  THE  COO 
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FIGURE  A-25.  1 972  CAST. ZINC  CONSUMPTION  BY  THE  U.S. 

THOUSANDS  SHORT  TONS 
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FIGURE  A- 33.  1 972  PETROLEUM  CONSUMPTION  BY  THE  US. 

TEN  TRILLION  BTU 


3. 


Circle  Diagrams 

Figures  A-35  through  A-51  show  the  U.S.  and  DoD  consumption  of 
each  of  the  17  materials  for  the  highest  consuming  final  demands.  These 
figures  are  also  explained  in  detail  in  the  body  of  the  report. 

4 . Tables  of  High  b’nadow  Price  Sectors 

Table  A-5  lists  the  five  final  demand  sectors  having  the  highest 
shadow  prices  during  a shortage  of  each  of  the  17  materials.  The  units 
of  shadow  price  in  dollars , increase  in  GNP  per  dollar  reduction  in  final 
demand.  The  interpretation  cc  this  listing  is  described  in  the  main  body 
of  the  report  for  aluminum  and  petroleum. 
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FIGURE  A -36  U.S.  AND  DOD  CONSUMPTION  OF  CHROMIUM 
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FIGURE  A -37.  US.  AND  DOD  CONSUMPTION  OF  COBALT  BY  END  USE  (1972) 


OD  CONSUMPTION  OF  COPPER  BY  END  USE  (1972) 


FIGURE  A - 39.  U.S.  AND  DOD  CONSUMPTION  OF  LEAD 


FIGURE  A -41  US.  AND  DOD  CONSUMPTION  OF  PLATINUM  BY  END  USE  (1972) 
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FIGURE  A-43.  UJS.  AND  DOD  CONSUMPTION  OF  TIN  BY  END  USE  (1972) 


FIGURE  A-45.  US.  AND  DOD  CONSUMPTION  OF  NON-METALLIC  TITAN 


FIGURE  A-46.  U.S.  AND  DOD  CONSUMPTION 


FIGURE  A-49.  US.  AND  DOD  CONSUMPTION  OF  COAL  BY 


FIGURE  A-50.  US.  AND  DOD  CONSUMPTION  OF  NATURAL  GAS  BY  END  USE  (1972) 


Table  A-5 


FINAL  DEMANDS  WITH  THE  HIGHEST  SHADOW  PRICES  IN  A SHORTAGE 


Material 

Final  Demand  Sectors 

Shadow  Price  at 
a Shortage  of 

No. 

Name 

30% 

20% 

Aluminum 

19 

Fabricated  metal  products 

43 

2 

27 

Transportation  equipment 

30 

2 

9 

Ordnance 

18 

2 

23 

Appliances  and  lighting 

17 

1 

25 

Motor  vehicles 

16 

1 

30% 

20% 

| Chromium 

19 

Fabricated  metal  products 

34 

3 

17 

Rubber,  leather,  glass  and  clay 

17 

1 

20 

Engines  and  Industrial  machinery 

17 

1 

25 

Motor  vehicles 

17 

1 

1 

22 

Computers,  office  and  other 
service  machinery 

16 

1 

Cobalt 

12 

Chemical  products 

48 

6 

18 

Primary  and  secondary  metal 
products 

32 

4 

19 

Fabricated  metal  products 

31 

4 

20 

Engines  and  industrial  machinery 

18 

2 

14 

Paints  and  allied  products 

14 

2 

A-65 


Table  A-5  (continued) 


! 


Material 

Final  Demand  Sectors 

No. 

Name 

Copper 

23 

Appliances  and  electric  lighting 

22 

Computers,  office  and  other 
service  machinery 

19 

Fabricated  metal  products 

18 

Primary  and  secondary  metal 
products 

24 

Communication  and  electrical 
equi pment 

Lead 

It* 

Communication  and  electrical 
equipment 

14 

Paints  and  allied  products 

9 

Ordnance 

15 

Petroleum  refining 

18 

Primary  and  secondary  metal 
products 

Nickel 

21 

Machine  shop  products 

19  Fabricated  metal  products 

20  Kngines  and  industrial  machinery 
23  Appliances  and  electric  lighting 
26  Aircraft 


Table  A-5  (continued) 


23 

19 


Final  Demand  Sectors 


Name 


Chemical  products 

Appliances  and  electric  lighting 

lnstrumens  and  miscellaneous 
manufacturing 

Petroleum  refining 

Paints  and  allied  products 


Instruments  and  miscellaneous 
manufacturing 

Applinaces  and  electric  lighting 

Fabricated  metal  products 

Communication  and  electrical 
equipment 

Computers,  office  and  other  service 
machinery 


Table  A-5  (continued) 


Final  Demand  Sectors 

Shadow 

Price  at  j 

Material 

a Shortage  of 

f— — 

No. 

Name 

45% 

30% 

1 

h-talllc 

Titanium 

26 

Aircraft 

159 

— 

9 

Ordnance 

47 

— 

16 

Paving  and  asphalt  materials 

28 

— 

20 

Engines  and  industrial  machinery 

17 

— 

l ■ 

21 

1 Machine  shop  products 

1 

— 



25% 

20% 

Nonmetal  1 ic 
| Titanium 

14 

13 

Paints  and  allied  products 

422 

290 

Plastic,  rubber  and  cellulose 

12 

8 

28 

Instruments  and  miscellaneous 
manufacturing 

11 

7 

11 

Textiles  and  paper  products 

8 

5 

1— 

8 

Construct  ion 

7 

4 

— 

40% 

— 

20% 

Tungsten 

20 

Engines  and  industrial  machinery 

116 

i 

9 

Ordnance 

28 

i 

23 

Appl inaces  and  electric  lighting 

28 

24 

Communication  and  electrical 
equ  ipment 

21 

— 

1 

18 

Primary  and  secondary  metal 
products 

20 

— 

i 

35% 

30% 

Zinc 

22  1 

Computers,  office  and  other 

■HI 

5 

Casting 

service  machinery 

1 

25 

Motor  vehicles 

47 

2 

23 

Appliances  and  electric  lighting 

27 

1 

1 

24 

Communication  and  electrical 
equipment 

26 

1 

9 

Ordnance 

14 

— 

A-68 


Material 


Table  A- 5 (concluded) 


Final  Demand  Sectors 


Name 


Electric  utilities 

Anthracite  coal 

Primary  and  secondary  metal 
products 

Bituminous  coal 

Chemical  products 


Shadow  Price  at 
a Shortage  of 


Natural  Gas 


Petroleum 


15% 

30 

Pipeline  transportation 

59 

7 

Natural  gas  liquid 

37 

32 

Electric  utilities 

13 

6 

Natural  gar 

8 

15 

Petroleum  refining 

8 

25% 

16 

Paving  and  asphalt  materials 

119 

32 

Electric  utilities 

18 

12 

Chemical  products 

15 

29 

Transportation  and  communication 
services 

13 

15 

Petroleum  refining 

11 

